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PREFACE 


THE present volume may in some sense be considered as an 
outgrowth of the author’s previous work on cementing materials, 
for it deals with natural materials which are closely related, either 
as constituents or as competitors, to the manufactured products 
therein discussed. 

It may be noted that little space has been devoted to a de- 
scription of the local distribution of building stones and clays. 
The inclusion of such data, relative to products which are nat- 
urally so common and so widely distributed, tends to convert a 
general treatise into a mere directory of the quarry and clay 
product industries. The extensive reference lists which are pre- 
sented, however, will serve to point out where information re- 
garding the stone or clays of any particular state may be found. 
Attention should also be directed to the chapters relative to 
the examination and valuation of clay and stone properties. So 
far as known to the writer, most of the material therein pre- 
sented has not been touched upon in earlier works on these 
subjects. 

EDWIN C. ECKEL. 


WasuineTon, D. C. 
January 13, 1912. 
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PAR® 1 BUILDING STONES, 


CHAPTER I. 
THE ORIGIN AND STRUCTURE OF ROCKS. 


The Engineering Applications of Geology. — The geology of a 
region bears upon the work of the engineer in three different ways, 
through its influence, respectively, on the topography, structure 
and materials of the given area. 

(1) The topography of the district, on which depends the loca- 
tion of both drainage lines and transportation routes, is directly 
related to the geologic history of the area. 

(2) The underground structure determines the accessibility of 
industrially valuable mineral deposits, as well as the occurrence 
of underground water supplies. 

(3) The rocks and minerals present in any given area will 
usually contribute, either directly or indirectly, to the supply of 
materials available for structural work, and for other purposes. 

With these facts in view, it is evident that the relations to 
engineering of structural and economic geology are very intimate. 
In the present volume, which deals with two of the more im- 
portant groups of structural materials used by the engineer, we 
are concerned chiefly with a study of the manner in which certain 
raw materials have been made available for use. Before, how- 
ever, taking up these particular raw materials in detail, it will 
be well to briefly summarize the main features of what may for 
convenience be termed Engineering Geology. 

Outline of Earth History.— For our present purposes it is 
sufficiently accurate to assume that the earth, in the earliest 
stage of its history requiring consideration, was a fused mass, 
of approximately spherical shape, cooling slowly from the ex- 
terior inwards, and surrounded by an envelope of gases. When 


the cooling had progressed far enough, the earth’s exterior and 
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center solidified gradually — a surface or crust of igneous rocks 
being formed — while local differences in the rate.of cooling 
caused irregularities in this surface. Combinations of the cool- 
ing gases caused the precipitation of water, in the form of rain; 
and with the action of the first surface water began the formation 
of the sedimentary rocks. The fallen rain gathered in slight 
depressions of the crust to form the earliest streams and rivers; 
and followed these courses to deeper depressions which formed 
the earliest seas and oceans. In its course the water, whether 
raindrop or stream, carried off small portions of the rocks it 
encountered, transporting them either mechanically or in solu- 
tion, and depositing them finally as sediments. This process 
has continued to the present day, a steady supply of detritus 
being carried to the seas; and it is obvious that some counter- 
balancing process must act to prevent all the lands being worn 
down to sea level. This compensatory action is evidenced by 
the gradual depression, at intervals, of portions of the sea bottom 
(overloaded with deposits of sediment) and the consequent rela- 
tive elevation of the land areas. The process is therefore con- 
tinuous, forming a regular three-phase cycle, the phases being 
(1) erosion of high lands by running water; (2) deposition of the 
resulting detritus on the sea bottom; (8) overloading and con- 
sequent depression of parts of the sea bottom with a corre- 
sponding relative elevation of the land and the recommencement 
of erosion. 

At intervals in the earth’s history these regular cyclical changes 
have been aided or retarded by less regular occurrences. Masses 
of fused rock have been forced up from the interior to cool at or 
near the surface; heat and pressure have caused great changes 
in deeply buried rock masses; minor movements in the crust 
have caused folds, faults and joints in the rock series; and once 
at least temperature changes have caused a glacial period in the 
temperate zone. So far as these phenomena concern the engi- 
neer they will be discussed in later paragraphs. 

Life was, so far as known, existent before the formation of our 
earliest identified sedimentary rocks. Through the following 
ages it has, however, greatly changed in form and type; and this 
gradual evolution in living organisms aids in determining the 
relative ages of the rocks in which their fossil remains are now 
inclosed. 
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Relative Age of Rocks. — The geologist, confronted with a 
finished product —a given tract of country — endeavors to 
work out.its history. Usually the first step in this direction will 
be to map the areas covered by different kinds of rock, but along 
with this areal mapping he must carry on studies to determine 
the relative age of the various rock formations which occur within 
the limits of the tract under consideration. In doing this the 
following criteria are of most service. 

(a) Superposition. — Since sedimentary rocks are surface de- 
posits, it is obvious that of two series of sedimentary rocks, the 
overlying series must be the younger, provided that no serious 
earth movements have altered their relative position since they 
were deposited. 

(b) Contained Fragments. — If one rock formation contains 
pebbles or other fragments of material evidently derived from 
another formation, the fragment-containing bed must have been 
formed after the other had been deposited. 

(c) Contained Fossils. — This, which is usually the most exact 
and positive criterion of all, is not immediately evident like the 
preceding two. In the progress of geologic science, it has been 
determined that beds of certain age are characterized by certain 
assemblages of fossil remains. Comparison of the fossils found 
in the beds of the area under study with those found in some area 
where the succession is already known, will therefore fix the 
relative position and age of the series under study. 

Geologic Chronology.— By the careful application of the 
criteria briefly described in the preceding section, a fairly com- 
plete geologic chronology has been gradually worked out to 
cover the whole extent of earth history. For convenience of 
reference and comparison, all of geologic time is primarily divided 
into twelve periods, which in turn are subdivided into epochs. 
Still more minute subdivisions are stages, while the final unit of 
division is the formation. 

This system of subdivision gives a series of time intervals which, 
taken together, cover all geologic history. The names of the 
periods are given below in order downward from the most recent 
(Quaternary) to the earliest (Archean). In a few cases the 
subdivisions into epochs are also given. 
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Period Epoch 
( Quat é ; Recent 
UaterMnanyaeeee eee Pisctocene 
Cenozoic..... Pliocene 
: Miocene 
Tertiary cca nce Oligocene 
Eocene 
Cretaceous 
Mesozoic..... Jurassic 
Triassic 
Permian 
Carboniferous....... Pennsylvanian or Coal Measures 
Mississippian or Subcarboniferous 
Paleozoic..... Devonian 
Silurian 
Ordovician 
Cambrian 


Algonkian 


Pre-Cambrian i Avcbeonrs 


To the engineer the determination of the geologic age of the 
rocks of any given district is rarely a matter of importance, 
except in so far as geologic age may affect the character of the 
mineral products. It would be folly, for example, to expect to 
find important workable deposits of coal in rocks older than 
the Carboniferous period — but that is about the only valuable 
general statement that can be made. In any particular small 
area, of course, a relation between age and material is more 
common. The valuable “cement rock” of the Lehigh district 
of Pennsylvania, for example, occurs in that region only in beds 
of one particular geologic age, and it would be useless to search 
for it in rocks of other periods. Another case in point is the red 
or fossil iron ore, so important to the southern iron industry. 
This occurs in the eastern United States only in rocks of Clinton 
age, and the presence or absence of the ore on any particular 
property can therefore be inferred on purely geologic grounds. 
In Luxembourg, however, an entirely similar ore occurs in rocks 
of much later age — so that it is evident that such a generaliza- 
tion is safe only within rather close geographic limits. 

The Geologic Viewpoint. — It is not at all difficult for an engi- 
neer, confronted with some semi-geologic problem, to master in 
a short time the principal geologic facts to which he must give 
consideration. That is merely a matter of application to a 
rather interesting study. What is difficult, however, is for him 
to learn to look at these facts from what may be termed the 
geologic viewpoint. 
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To judge from published reports on water-supply problems 
and other work involving engineering geology, the tendency is 
to assume unconsciously that in considering geologic facts it is 
useless to apply the same type and closeness of reasoning which 
are essential to the solution of purely engineering problems. 
The effect of this mistaken attitude is that the engineer too often 
is inclined to invoke forces and agencies totally unknown to 
engineering practice in order to aid in solving a geologic problem; 
so that the finished report is frequently a curious mixture of clear 
observation and erroneous interpretation. 

In considering this matter the engineer will avoid many serious 
misinterpretations of facts if he bears in mind that: — 

(a) Geologic occurrences are to be explained by reference to 
the same physical forces which are now in operation — running 
water, winds, frost, terrestrial heat, ete. 

(b) These forces have, on the whole, always been of about the 
same degree of intensity; the one prominent exception being 
the extension, during the glacial period, of intense ice action into 
the temperate zone. 

(c) Changes in the earth’s surface — whether of coast line, 
relief, or drainage — have been almost invariably brought about 
with extreme slowness. 

(d) Gorges, canyons, mountain ranges and other striking physi- 
cal features are therefore due almost always to the long continued 
action of ordinary familiar physical forces, and not to sudden 
and violent “upheavals,” ‘volcanic outbursts” or other ‘ con- 
vulsions of nature.” 

Kinds of Rocks. — Rocks are classified, according to origin, in 
one of two groups: (1) igneous, or (2) sedimentary. In by far 
the majority of cases there is no difficulty in determining the 
group in which any given rock should be placed; but at times 
the decision is more difficult and, in some cases, impossible. 

(1) The zgneous rocks are those which have been formed by 
the cooling of fused material. The original crust of the earth 
was of course formed entirely of igneous rocks, but it is highly 
improbable that any of this original crust is now exposed at the 
earth’s surface. The igneous rocks with which we have to deal 
are of later origin, being derived from molten material which 
at different periods has been forced up through and into other 
rocks. In most cases this molten rock did not reach the surface 
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while fused, but cooled and solidified slowly while covered by 
thick masses of overlying material, and is now exposed to view 
owing to the slow removal of this covering. 

(2) The sedimentary rocks are those derived from the decay 
of preéxisting strata, the material so obtained being carried 
(usually by water) in suspension or solution to some point where 
it is redeposited as a bed of sand, clay or limestone. Subse- 
quently this loosely deposited material may become consolidated 
and hardened by pressure or other agencies, the result being the 
formation of sandstones, shales and slates from the original 
unconsolidated beds of sand and clay. 

In the later chapters of this volume, which deal respectively 
with the igneous rocks and the sedimentary rocks, further data 
will be presented on the characters, origin and subclassification 
of each of these groups. 

Metamorphism of Rocks. — All rocks are more or less changed 
or metamorphosed from the condition in which they were first 
deposited (in the case of sedimentary rocks) or in which they 
first cooled from fusion (in the case of igneous rocks). The 
changes are due to the action of heat, pressure and chemical 
agencies; and the effects may appear in changes of either the 
physical structure of the rock, its texture or its chemical com- 
position. 

As has been said, all rocks have suffered such changes or meta- 
morphism to a greater or lesser extent, but the term metamorphic 
rocks is restricted properly to the rocks in which the changes 
have gone so far as to produce very marked alterations, some- 
times entirely obliterating the original structure, and at times 
rendering it difficult or even impossible to decide whether the 
original rock was of sedimentary or of igneous origin. 

Conventional Symbols for Rock Classes. — In representing 
the different classes of rocks on geologic cross sections, it is often 
necessary to adopt different symbols or patterns so as to dis- 
tinguish between igneous rocks, shales, limestones, ete. Though 
these symbols are purely conventional, there is a great advantage 
in having the same symbols adopted by every one for the same 
rocks, and considerable uniformity in this regard can now be 
seen in the publications of the various geological surveys. 

In Fig. 1, the patterns for the different classes of rocks by the 
United States Geological Survey are shown. 
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Limestones. Shales. Shaly limestones. 


Sandstones and con- Shaly sandstones, Calcareous sandstones. 
glomerates, 
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Schists. Massive and bedded igneous rocks. 


Fig, 1.— Conventional symbols for kinds of rock. 


Chemical Relationship of the Classes of Rocks. — A feature of 
considerable economic and scientific interest appears to have been 
overlooked by geologists as well as by engineers. This is the 
relationship which exists between the chemical composition of 
the various classes of rocks. It is well brought out in the follow- 
ing table, which was prepared by combining data published by 
Professor F. W. Clarke and by the present writer. 

It will be seen that this table gives average analyses of large 
series of different rock groups, and the averages may therefore 
be considered to fairly represent the mean composition of these 
groups. Examination of the table shows that the average 
igneous rock is closely similar in composition to the average shale 
and the average slate. In other words, the shales and slates are 
made up of fine particles of the same materials which occur in 
the igneous rocks, and in about the same proportions. Evi- 
dently little chemical sorting or segregation took place’ during the 
formation of shales and slates. With regard to the sandstones 
and limestones the case is very different. Here there has been 


8 BUILDING STONES AND CLAYS 


a great deal of separation, resulting in the deposition of almost 
pure silica in the case of sandstones and of lime carbonate in 
limestones. 


TABLE 1.—AVERAGE ANALYSES OF VARIOUS CLASSES 


OF ROCKS. 

ie 78 36 371 845 

manta’ Shales. Slates. Sandstones.} Limestones 
Sli: MSO) ob wane oS voce 59.71 58.38 60.64 84.86 5.19 
AluminancAls@s))s00see 16.01 16.12 18.05 6.37 0.87 
Ferric oxide (Fe2O3).... 2.63 4.03 2.25 1.39 0.54 
Ferrous oxide (FeO).... 3.52 2.46 3.66 0.84 n.d. 
einen (@a@)) eee eee 4.90 BI 1.54 1.05 42.61 
Magnesia (MgO)........ 4.36 2.45 2.60 0.52 7.90 
Sook (NEKO Geode sacse 3,5 eo 1.19 0.76 0.05 
iRotashe(KGO) aan. eee 2.80 Bh Os 3.69 1.16 0.33 
Combined water........ 1.52 3.68 Ono 1.47 0.56 
IMIOIStUTeR erat aes asters eee 1.34 0.62 0.27 0.21 


* Including small amounts of titanic oxide (TiO,). 


In the case of such sedimentary rocks as the sandstones and 
shales, the entire process is a purely mechanical matter, the 
materials being carried in suspension by moving water, and being 
deposited because of decrease in the velocity of the water which 
has transported them. 

The limestones, however, present a more complicated case, 
for the lime and magnesium carbonates of which they are formed 
are usually carried in solution by water, and are deposited by 
chemical or organic agencies. These differences in origin and 
deposition will be taken up in more detail in later chapters, 
where the various kinds of sedimentary rocks are separately 
discussed. 

Genetic Relationship of the Rock Classes. — It may aid the 
reader to comprehend more fully the closely interwoven relation- 
ships of the various classes of rocks if the discussion be carried 
a stage further, and some consideration given to their relation- 
ship so far as origin is concerned. So far as known to the writer, 
the matter which is here presented has never, even in purely 
geologic treatises, been set forth in a closely analytical form, 
though of course the ideas which underlie this analysis are 
generally accepted. 
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The accompanying diagrammatic table (Table 2) has been 
prepared to serve as a convenient semigraphic summary of the 
statements in the following paragraphs, and should consequently 
be studied in connection with those paragraphs. In order to 
facilitate this cross reference, the notation used in the table has 
also been employed to designate the corresponding steps in the 
more detailed discussion below. 

I. For our present purpose it will be sufficiently exact to con- 
sider that, in the earliest stage to which we need refer, the earth’s 
crust was already solidified by cooling, and that it was composed 
entirely of igneous rocks. These rocks intergraded closely in 
composition, but for convenience here may be divided into an 
acid group (I a) and a basic group (I b). The acid group 
would include those rocks higher in silica than the average noted 
on page 8, while the basic rocks would include those lower in 
silica than the average. The dividing line between the two 
groups is therefore fixed naturally at about 59 per cent silica. 

II. The igneous rocks forming the exposed portion of the crust 
were almost immediately attacked by both mechanical and chemi- 
cal agencies of destruction. The two sets of agents undoubtedly 
commenced their destructive action almost simultaneously, but 
it will be logically exact and certainly conducive to clearness 
in the present discussion if we at first consider only the effects 
of purely mechanical attack on the exposed crustal rocks. 

The effect of heat and cold, rain and running water, on a series 
of rocks is to ultimately effect the mechanical disintegration of 
a portion of the exposed outcrop. The material thus broken 
down mechanically is carried off by running water and finally 
deposited. Since it is assumed that this entire process has not 
been assisted by chemical action, and that the material deposited 
has not been subjected to mechanical concentration or sorting, 
the ultimate result would be the formation of a bed of sandy 
clay. In composition this clay would not differ greatly from 
the average composition of the igneous rock from which its 
materials were derived. The clays thus formed would be either 
typically siliceous clays (II a) or basic clays (II 6) according to 
the character of the particular igneous rocks from which they 
were derived. 

Ill. As a matter of fact, however, both leaching and sorting 
must have taken place at an early period in the history of the 
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sedimentary rocks. The principal sorting effect would be the 
mechanical separation of the particles of quartz from the other 
residual material, owing to the greater resistance of quartz to 
both mechanical and chemical attack. The sorting out of this 
quartz and its separate deposition would give rise to the for- 
mation of beds of sand and gravel (IIIc). The principal effect 
of chemical attack would be the removal of lime in solution. 
The lime thus carried off would be redeposited, either through 
direct chemical action or by the agency of living organisms, to 
form marl deposits, shell beds, ete. (III d). 


TABLE 2.—STAGES IN THE ORIGIN OF ROCK CLASSES. 
é | 


Stages of origin. Siliceous. Silico-aluminous. Calcareous. 

I. Original con- la: Acid | Lb, Basic 
stituents of the earth’s rocks rocks 
crust. 

II. Derived from I Ila. Acid] IIb. Basic 
by mechanical erosion clays clays 
and sedimentation 
without sorting. 

III. DerivedfromI |IIIc. Beds} IIIT a. Acid] IIIb. Basic/IIId. Shell 
or II, with the aid of | ofsandand| clays clays beds, marl 
mechanical sorting | gravel. deposits, 
and chemical leaching. etc. 

IV. Derived from |IVc. Sand-| IVa. Acid} IVb. Basic|IVd. Lime- 
III by normal consoli- | stones shales shales stones 
dation. 

V. Derivedfrom IV |Vc. Quartz-| Va. Acid | Vb. Basic|/Vd. Marbles 
by metamorphism. ites slates slates 


The mechanical removal of silica and the chemical removal 
of lime would leave the balance of the residual material still in 
the class of clays, as III a, and III b, but somewhat poorer in 
silica, lime and other soluble constituents than if such sorting 
and leaching had not taken place. 

IV. The deposits thus far considered are still to be regarded 
as relatively unconsolidated beds of material. As these beds 
were covered by later rocks, pressure, heat and renewed chemical 
action were gradually brought into play. The result was that 
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the beds of sand and gravel (III c) became ultimately sandstones 
(IV c); the clays (III a and III b) became shales (IV a and IV 5); 
while the calcareous deposits (III d) became limestone (IV d). 
No serious chemical change resulted from this consolidation, so 
that the rocks of the subgroups of IV are closely akin chemi- 
cally to the unconsolidated deposits of III from which they were 
respectively derived. 

V. In most cases the process of consolidation stopped at the 
stage which has just been discussed, but locally the consolidating 
agencies persisted in their work to a point where the physical 
changes which they caused warrant us in giving another name 
to the product. Thus the sandstones (IV c), if consolidated 
very intensely, might locally become quartzites (V c); the shales 
(IV a and IV b) in places became slates (V a and V 6b); and the 
limestones (IV d) in metamorphic regions became marbles (V d). 
In these further consolidations the chemical changes which take 
place are very slight as compared with the purely physical 
alterations. 


THE STRUCTURES OF ROCKS. 


Under this heading will be discussed such structural features 
as are common to all classes of rocks. Structures peculiar to 
the igneous rocks will be considered in Chapter II, while those 
peculiar to the sedimentary rocks will be discussed in Chapter VI. 

As thus limited, the structural conditions to be considered in 
the present section include the inclination of beds (dip, strike, 
etc.); rock folding; faults; jointing and cleavage. 

Inclination of Beds; Dip and Strike. — The beds of sedimen- 
tary rocks, having been formed for the most part by deposition 
on the gently sloping bottoms of bodies of water, would naturally 
have a horizontal or nearly horizontal attitude at the time of 
their formation. But during the numerous elevations and de- 
pressions of the land which have occurred since their deposition, 
this original horizontality of bedding was in many cases de- 
stroyed, so that now we may find sedimentary rocks whose beds 
are inclined at all angles to the horizontal. This is particularly 
true in the Appalachian, Lake Superior, Rocky Mountain and 
Pacific Coast regions, where horizontal strata are the exception 
rather than the rule. In the central United States, however, 
most of the rocks still lie almost or quite horizontal, an inclina- 
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tion of over five degrees being distinctly uncommon in the States 
of the Mississippi basin. % 

In describing the attitude of a bed inclined to the horizon, it 
is necessary to do so in terms of dip and strike; which requires 
that these two terms be defined. The strike of an inclined bed 
may be roughly defined as the direction or trend of the bed. To 
be more precise, it is the compass bearing 
of a straight line drawn horizontally on 

7’ one of the faces of the bed. The dip 
we of the bed is the angle made with the 
hd horizontal by a line drawn on the sur- 
vneleof PP face of the bed, at right angles to the 
strike (Fig. 2). Since the two factors 
are thus related, it is unnecessary to 
give the exact compass bearing of the dip (for that will always 
be at right angles to the strike) but merely the quadrant. In 
description it is therefore sufficient to say, for example, that a 
rock has a strike of N. 30° E., dip 35° 8. E. — which can readily 
be seen to imply that the dip of 35 degrees is in the direction 
S. 60° E. 

Though, from a very strict standpoint, the terms dip and strvke 
would be applicable only in describing the bedding planes of 
sedimentary rocks, there is no real reason for not using them in 
describing the attitude of the laminated igneous rocks (gneisses, 
schists, etc.), and they are commonly so applied. 

Rock Folds. — The terms dip and strike having been defined, 
it is possible to glance at certain broader features of rock struc- 
ture of which dip and strike are merely local manifestations. 
These broader features are connected with the subject of rock 
folding. 

In the course of earth movements, folds and flexures of various 
types are developed in beds of rock which may previously have 
been horizontal. If the movement simply elevates or depresses 
one side of an area, so that as a result the rocks everywhere dip 
in the same direction, the resulting attitude of the rocks is called 
a monocline. If, however, compressive or tensile stresses accom- 
pany the uplift or depression, a complete fold of some sort will 
be formed. 

When a complete fold is presented for observation, it may be 
either a syncline or trough, in which the strata on both sides dip 


Fig. 2. — Angle of dip. 
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toward the axis of the fold; or an anticline or arch, in which the 
strata on both sides dip away from the axis of the fold. Fig. 3 
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Fig, 3.— Syncline and anticline. 


shows both of these structures, a very sharp anticline being 
shown at the extreme right of the figure, while a rather flat 
syncline occupies the remainder of the sketch. 


Se SE VELY, 
Fig. 4. — Folds with inclined axes. 


In the simple forms of these folds shown in Fig. 3, the axes of 
the folds are vertical in each case, and there is no particular com- 
pression of the limbs of the folds. In more complex cases we 
find folds with inclined axes, é 
as is shown by those repre- oe ieee 
sented in Fig. 4; or with ex- 
tremely compressed limbs as 
shown in Fig. 5. 

Faults in Strata.— When, 
in the course of earth move- 
ments, the strata subjected 
to stress are too rigid to 
yield by simple folding, or Fig. 5. — Compressed folds. 
when the stress is applied 
too rapidly, they will yield by fracture. Such fractures, which 
may occur at any point in the stressed area, result in the for- 
mation of a fault, which may be considered simply as a break in 
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the continuity of the strata, accompanied by elevation or de- 
pression of the beds on one side of the fault plane. 


Fig. 6.— Origin of thrust faults: a, overturned fold in rocks, passing by frac- 
ture into 6, thrust fault. 


On a large or small scale, faulting is a very common phenome- 
non, particularly in regions of intense folding. It is a matter of 
peculiar economic importance to the mining engineer, since the 
existence of faults in a district complicates the underground 
structure, and renders it difficult to follow out a mineral deposit. 
affected by faulting. For our present purposes, however, the 
subject of faulting requires little consideration, for no engineer 
would consider opening a structural stone quarry in a badly 
faulted area. On the other hand, the existence of numerous. 
faults might be a distinct advantage in operating a quarry for 
crushed stone. 


se” 


Fig. 7.— Faults in strata: a, original attitude of strata; b, position after 
normal faulting; c, position after reverse faulting. 


Joints. — A sedimentary rock, as originally deposited, would 
probably show more or less distinct bedding planes (see page 93), 
and would have a tendency to break or split parallel to these 
planes. But it would not have any planes of easy fracture 
transverse to the bedding planes, for in this direction the stone 
would be entirely homogeneous and massive. Igneous rocks, 
cooled entirely without interference, would be even more homo- 
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geneous; and would not show planes of easy fracture in any 
direction. 

As a matter of fact, however, both sedimentary and igneous 
rocks do commonly show certain planes (entirely distinct from 
the bedding planes in the case of the sedimentary rocks), along 
which they break or cut with greater ease than in any other 
direction. When these planes are so marked as to show on the 
surfaces of the rock, dividing it into more or less rectangular 


oo 


Fig. 8.— Joint planes in sandstone. (Photo by E. M. Kindle.) 


masses, they are described as joints (Fig. 8). When the fracture 
planes do not show on the surface, but merely exist as planes of 
weakness within the rock itself, we have the rift and grain which 
are discussed in a later section (page 39) in describing the struc- 
ture of granites. 

Recurring to the subject of jointing, the examination of a 
quarry will show almost invariably that the rock breaks out in 
rectangular or prismatic blocks; and that the surfaces which 
bound these blocks are parallel to one or more systems of joints. 

As to origin, joint planes may be due to cooling stresses (in 
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the case of igneous rocks); to drying, in the case of sediments; 
or to earth movements after deposition, in the case of either 
igneous or sedimentary rocks. 


SUGGESTIONS FOR GEOLOGIC READING. 


The subjects discussed in this chapter may perhaps be com- 
pleted most profitably by a brief reference to a few books dealing 
with various phases of engineering geology in more detail than 
has been possible here. The writer has no intention of outlining 
a course of geologic study, but will simply note the lines along 
which further reading may be useful to the engineer desirous of 
securing a working acquaintance with both geologic theory and 
practice, so far as they affect his own work. 

1. As to general geology, one of the more elementary text- 
books, such as those of Tarr or Brigham, will in most cases be 
more satisfactory than a larger treatise. The best manual, of 
course, is the Geology of Chamberlin and Salisbury, but this is too 
bulky, too detailed and too expensive to be generally serviceable. 

2. The next stage is some degree of acquaintance with the 
field practice of geology, including knowledge of the facts which 
should be observed and of the methods adopted in noting, 
recording, and interpreting these facts. In this field Geikie’s 
Structural and Field Geology is still unsurpassed as a general guide 
for field work; while Grenville-Cole’s Aids in Practical Geology 
contains valuable data relative to the rocks, minerals, and fossils 
which may require determination. Both of these books are 
English, and therefore much of their illustrative matter will be 
unfamiliar to the American reader; but in spite of this drawback 
Geikie’s book at least can hardly be dispensed with. 

3. Further study of the structures and classification of rocks, 
and of the processes involved in their origin and decay, will 
fortunately be aided by two books which are at once readable 
and authoritative. Reference is here made to Kemp’s Hand- 
book of Rocks and to Merrill’s Rocks, Rock Weathering, and Soils. 
The two do not cover exactly the same ground, but supplement 
each other admirably. Of the two, Kemp’s book should be 
taken up first, and is probably of more general service; but 
Merrill’s volume has a more direct bearing on the problems in- 
volved in the weathering and decay of building stone. 


CHAPTER II. 
IGNEOUS ROCKS IN GENERAL. 


In the previous chapter the origin and characters of the igneous 
rocks have been briefly noted, but only as connected with the 
relationships of the various rock classes, and not in the detail 
required by their industrial importance. In the present chapter 
the more important characteristics common to all igneous rocks 
will be discussed in such detail as seems advisable, while the 
special characteristics of the granites and traps will be taken up 
in the later chapters in which these two commercial subgroups of 
the igneous rocks are described. 

Origin of Igneous Rocks. — According to the more commonly 
accepted theories, the entire earth was at one time a molten 
mass; and at least part of its interior is still either fluid or on 
the verge * of fluidity. The igneous rocks, as now found at the 
surface, comprise the materials which have solidified and crys- 
tallized by cooling from this state of fusion. The solid crust 
first formed on the cooling earth was of course composed entirely 
of igneous rocks, and it is possible (though highly improbable) 
that portions of this original crust are still exposed at various 
points on the present surface of the earth. Most of the igneous 
rocks, however, have solidified at later periods of the earth’s 
history, having been forced upward into or through the over- 
lying rocks, and having passed upward until they reached a 
point at which decreased pressure and lowered temperature have 
allowed the molten material to cease its movement, to cool and 
to crystallize. 

Modes of Occurrence of Igneous Rocks. — Both scientific and 
economic interest attach to a study of the modes in which igneous 


* In explanation of this, it is clear that the pressure of overlying rocks may 
be sufficient to keep the interior in a solid condition, even though the tempera- 
ture in the depths may be above that which would be required to melt these 
rocks if they were at the surface. Under these conditions, any release of 
pressure will, of course, immediately permit the highly heated rock material to 


become fluid. 
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rocks have reached their present condition at the earth’s surface, 
so that attention can properly be directed to a brief discussion 
of the principal modes of occurrence. 

For our present purposes, the principal types which require 
consideration are the following: 


Fig. 9.— Granite boss rising above limestone plain. (Photo by E. C. Eckel.) 


1. Stratiform Masses. — It would of course be incorrect to 
apply the term “stratified” to igneous masses, for owing to 
their origin the term would be obviously a misnomer. But on 
all the continents it is found that the Archean rocks are com- 
posed largely of igneous materials. These include both basic 
and acid rocks, and vary in structure from entirely massive to 
thoroughly gneissoid types. It is impossible to prove at present 
that these Archzean igneous rocks were ever intruded into other 
formations. In most cases all that can be said about their mode 
of occurrence is that they now exist, covering immense areas on 
the earth’s surface, and serving as a basement or floor on which 
the earliest known fossiliferous rocks were deposited. Because 
of the facts that they can be separated into different formations, 
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that they have no definite relation to sedimentary rocks of the 
same date, and that they are generally thoroughly laminated 
and folded, it is convenient to use the term stratiform masses in 
describing them. 

2. Batholiths. Along the axes of many mountain chains are 
found vast masses of granitic and other igneous rocks, evidently 
intruded into existing sedimentary deposits, but having cooled at 
a considerable depth below the surface of the earth. These cores 
or batholiths are now exposed at the surface simply because the 
sedimentary rocks which once overlay them have been removed 
by erosion. Smaller masses of the same general type, weathered 
out so as to project above the general surface level, are referred 
to as bosses or stocks. One of these is illustrated in Fig. 9. 

3. Laccoliths. The two types of rock mass which has been 
discussed above agree in that their cooling took place so far 
below the surface that the nearness of the latter had no effect on 
the shape of the mass or on the texture of the rock. In the 
modes of occurrence which remain to be discussed this was not the 
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Fig. 10. — Laccolith, with supply neck (A) and sheets (B). 


A mass of heated igneous rock, rising upward through approxi- 
mately horizontal existing strata from a molten reservoir might 
conceivably reach a point at which it would be easier to force 
the overlying strata up into a dome or arch rather than to break 
away through them. The igneous rock, cooling in the arched 
cavity thus formed, would take the form of a laccolith. In Fig. 10 
a typical laccolith is shown in cross section, together with some 
of the phenomena which usually accompany it. 

4. Volcanic products. If the igneous rock penetrated to the 
surface, and issued at some particular point of weakness, a volcano 
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would be formed. As shown in Fig. 11, this would usually in- 
volve the creation of the volcanic neck or passage through which 
the igneous rock reached the surface, the subsequent building of a 
cone of ashes or lava, and in some cases the flow of a more or less 
extensive lava sheet over the adjoining surface. 


Fig. 11.— Voleanic neck (A), cone (B) and surface flow (C). 


5. Dykes, Sheets and Sills. Certain minor types of occurrence, 
which may be connected with either volcanic or intrusive action, 
remain to be noted. Igneous rock might reach upward toward 
the surface through approximately vertical fissures. The rock 
which cooled in these fissures would form a dyke, as illustrated 
in Figs. 12 and 18. If at any point a supply of igneous rock 
penetrated laterally along the bedding planes of a sedimentary 
formation, it would form on cooling an intrusive sheet or sill. 
Examples of these are also shown in Figs. 11 and 12. 


A AAA 


AA 
Fig. 12.— Dykes (A, A) and sheet or sill (B). 


Texture of Igneous Rocks. — When molten masses cooled in 
large bodies, or at considerable depths below the surface, the 
solidification was in consequence so slow as to permit the fone 
tion of large crystals of the different constituent minerals. Our 
ordinary granites are good examples of such slowly cooled prod- 
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ucts. But when the local supply of molten material was small, 
or when solidification took place at or near the surface, the cool- 
ing was so rapid that the resulting rocks are made up of very 
small mineral crystals, often enveloped in a glassy matrix; while 
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Fig. 13. — Dykes made prominent by weathering. (Hayden Survey.) 


a still more rapid cooling might result in a rock having an entirely 
glassy structure, absolutely free from crystals. If, as happened 
in places, the igneous material was introduced into the air or 
into water while still molten (as in volcanic action), the result 
was the formation of porous products — volcanic ash, pumice, ete. 

Perhaps the conditions above outlined may be more clearly 
realized if they are compared with a parallel series of perfectly 
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familiar phenomena which occur every day in the handling of 
slag at blast furnaces. If furnace slag is cooled with very great 
slowness, it will develop crystals of various silicate minerals. 
On the other hand, the slag as it usually cools on a slag bank 
has an entirely glassy texture. Finally, if the molten slag is 
led into water, or if a current of steam, air or water is injected 
into the stream of molten slag, the slag will cool or granulate so 
suddenly as to assume a porous texture, exactly like a volcanic 
ash. 

Structure in Igneous Rocks. — Since all igneous rocks are 
formed by direct cooling from a state of fusion, it is obvious that 
none of them can show any true bedding, for that is a charac- 
teristic of materials deposited by or in water. The differences 
in structure can not be due to the sorting influence of water, but 
must be entirely due to the varying conditions under which they 
cooled, or to the effects of later earth movements on the cooled 
mass. Considering igneous rocks in general, two different types 
of structure may exist. 

1. In an igneous rock which has solidified quietly from a fused 
state, and which has not been later subjected to severe external 
stresses, the constituent mineral crystals are confusedly arranged, 
showing no trace of parallel banding or lamination. Such rocks 
are termed massive igneous rocks. Most of the granites used 
for structural purposes, and practically all of the trap rock used 
commercially, fall in this class. 

2. If, however, rocks of this same origin and composition had 
been subjected, either during or after their cooling, to external 
pressure, a laminated structure might have been developed. 
When this has occurred under favorable conditions the con- 
stituent minerals may be arranged in more or less definite 
alternating bands; while when the lamination is less completely 
developed the mineral crystals will merely be arranged with their 
longer axes in the same direction. In either case the rock is 
termed a gneiss. Some of the rocks which commercially are clAssi- 
fied as granite, and are used in structural work, are in reality suffi- 
ciently well laminated to be properly called gneisses. 

Chemical Composition of Igneous Rocks. — The igneous rocks 
consist largely of silica — from 35 to 80 per cent — with lesser 
amounts of alumina. According to their class they may also 
contain more or less iron oxides, lime, magnesia, potash and 
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soda. These are the principal constituents which are present, in 
varying amounts, in practically all of the igneous rocks. Many 
other constituents are present in small percentages, but are of 
little general importance and do not require further notice here. 

Such wide variation exists in the composition of the different 
types of igneous rocks, that few general statements can be made 
which will apply to the group as a whole. Analyses of these 
various rock types will be given later, in the chapters dealing 
with them separately, but in the present place attention may be 
called to the data presented in Table 3. This table includes 
averages, of two long series of analyses of igneous rocks; and 
the two results may fairly be regarded as closely representative 
of the composition of the average igneous rock. 


TABLE 3.— AVERAGE ANALYSES OF IGNEOUS ROCKS. 


Constituent. A. B. 
Per cent. Per cent. 
Sulla (SHO Moots scenic oon aa ome eee aaeeigere 59.71 58.75 
pAtnaminas (AUS ORR Stee ea tate ese neces pee Sian 16.01 15.76 
Hermicroxicdes (Hes Os) r= waenes ime ee teat 2.63 5.34 
Rerroustoxdes (EO) 54-5 seis sree aches um Sean 3252 2.40 
Bimmer (CaO ieee te yo. eee eee lies Savane oe 4.90 4.98 
INiaonestam GN lg@))) cere renmntgss. ates aah tae 4.36 4.09 
PO bars la KGS ©) enrol Sates een oe 2.80 2.74 
Soclan (Nias O)) seen es ests rer es een ae errr g 3.55 3.25 
NVA Creare er tie Scena hh sucenaor twin ceseseN ne See clare 1.52 2.23 


* Including small amounts of titanic oxide (TiO,). 


A. Average by F. W. Clarke, of 830 analyses of American igneous rocks. 
B. Average by Harker, of 397 analyses of British igneous rocks. 


The terms acid and basic, as often applied to igneous rocks, 
require some note. Acid rocks are those containing high per- 
centages of silica and low percentages of lime, magnesia, alkalies 
and iron oxide. Basic rocks, on the other hand, are high in iron, 
magnesia, etc., and comparatively low in silica. The two classes 
intergrade with each other and the dividing point between the 
acid and the basic rocks is fixed by different writers at different 
percentages of silica. Certainly, acid rocks must in average com- 
position contain more silica than basic rocks: but the dividing 
line is purely arbitrary. It is both convenient and logical to use 
the average analyses presented in the preceding table as a basis 
for fixing this dividing point, and to consider that any igneous 
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rock higher in silica than the average is an acid rock, while any 
rock lower in silica than the average is a basic rock. In the 
present volume, therefore, when it is necessary to use these terms 
precisely, the dividing point between the two classes will be 
considered to be 59 per cent of silica. The differences in chem- 
ical composition cause differences in physical characters. Certain 
acid rocks may, in average density, range higher than exceptional 
basic rocks: but in general the acid rocks are distinctively lighter 
than the basic. 

Mineral Constituents of Igneous Rocks. — The igneous rocks 
which have crystallized out completely are composed of an inti- 
mate mechanical mixture of various silicate minerals. Those 
in which the cooling has been too rapid to permit of thorough 
crystallization consist more or less entirely of a formless silicate 
glass. Since this latter class can not be identified by mineral 
composition, the paragraphs which immediately follow must be 
understood to relate only to such igneous rocks as are entirely 
or largely crystallized. 

The total number of mineral species which may occur in 
igneous rocks is very large; but only a few of these species are 
of real importance in the present connection. Fortunately the 
lighter colored coarse-grained rocks which furnish most of our 
structural stone usually contain few mineral species — commonly 
only three or four are present in quantity — and these are readily 
recognizable. The finer grained or partially glassy igneous 
rocks, on the other hand, can not be properly classified without 
the aid of chemical analysis or microscopic investigations; but 
the rocks of this type are not of high industrial importance for 
structural purposes. 

The minerals which make up the bulk of the igneous rocks 
used for structural purposes represent five species or groups of 
species. These are in order of importance: 


(1) Quartz. 
(2) The feldspars. 
(3) The micas. 


(4) The amphibole-pyroxene group. 
(5) Olivine. 


Several minor minerals are of sufficient importance to require 
brief mention, while certain minerals which occur as secondary 
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or alteration products may also be noted. These will be taken 
up after describing the five principal groups listed above. 

(1) Quartz, which is composed entirely of silica (SiOz), occurs 
in the granites and many other igneous rocks. It is also, it may 
be noted, the principal constituent of the sandstones. In the 
granites, quartz commonly occurs as a transparent or translucent 
mineral, varying in appearance from clear, colorless and glasslike 
to light grayish or light bluish. It shows no regular, smooth 
surfaces or fracture planes; but breaks with a rough, irregular, 
glassy fracture. It can not be scratched with a knife, being 
hard enough to scratch window glass. The specific gravity of 
pure quartz is close to 2.65. 

(2) The feldspars are a group, including a long series of com- 
plex silicate minerals. The most prominent members of this 
group are orthoclase, albite, labradorite, anorthite, oligoclase and 
microcline. The distinctions between the various feldspars can 
rarely be made out except by chemical analysis; but the group, 
taken as a whole, can be described quite satisfactorily. 

The feldspars occurring in most building stones are commonly 
white to gray or reddish in color — more rarely dark blue or 
gray; on breaking, they fracture with a very regular smooth 
polished cleavage surface in at least one direction, and frequently 
they show two such regular cleavages. 

Chemically, the feldspars fall into two quite distinct subgroups; 
the orthoclase or potash feldspars: and the plagioclase or soda-lime 
feldspars. The former group contains only two mineral species 
— orthoclase and microcline — which differ only in optical charac- 
ters. The plagioclase group is more complex, containing a long 
series of feldspars ranging in composition from allite (a soda 
feldspar) at the one extreme to anorthite (a lime feldspar) at the 
other. The intermediate stages in this series have been given 
distinct names, but may probably be regarded simply as mixtures 
of albite and anorthite molecules in various proportions. 

In the following table the composition and specific gravity of 
the various feldspars are recorded. Orthoclase is placed first, 
after which the various plagioclase feldspars follow in the order 
of their decrease in silica content. 

The orthoclase and plagioclase feldspars differ little in appear- 
ance, so that it is difficult to distinguish them except under the 
microscope or by analysis. This is unfortunate, for the distinc- 
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tion between the two subgroups is often important, since they 
differ in geologic associations as well as in composition. Ortho- 
clase is a common constituent of the more acid igneous rocks, 
such as the granites and syenites; while the common feldspar of 
basic rocks such as trap, gabbro and basalt is invariably a plagio- 
clase feldspar. 


TABLE 4.—COMPOSITION AND SPECIFIC GRAVITY OF 
THE FELDSPARS. 


Alu- 


Specific ] 
mina. 


Name. crmcnt Formula. Silica. Potash.| Soda. | Lime. 


Orthoclase...| 2.57 | KO, Al2O3, 6 SiOz | 64.60) 18.50) 16.90 


IND Ite Renae 2.62 | NazO, Al2O3, 6 SiO.) 68.62) 19.56} .... | 11.82) .... 
Olteoclasema | 2a045| seer eee 6327023295!) 1,20) 78211) 2205 
Andesine..... 2005 lees eter 

WabradOriters 2269) hermits ee iin 52.90} 30.30) .... 4.50} 12.30 
Bytowniter. <i 2. Cl eres seamen coe tha 

Anorthite....| 2.75 | 2CaO,Al.O3, 4SiO2| 43.08} 36.82) .... | .... | 20.10 


One point which often aids in the separation of the two groups 
may be noted. The cleavage faces of orthoclase are perfectly 
smooth, while close examination of the cleavage faces of a plagio- 
clase feldspar will often show that they are crossed by a series 
of close-set parallel lines. Color and association also aid some- 
what in the distinction. Orthoclase is usually white, pinkish, 
red or very light grayish in color; and is frequently associated 
with quartz. A white plagioclase feldspar, in a rock which also 
contains considerable quartz and orthoclase, is probably albite. 
On the other hand, a bluish or dark gray plagioclase feldspar, in 
a rock containing little or no quartz or orthoclase, is labradorite 
or another of the more basic plagioclases. 

(3) The micas occur in glistening scales or flakes, usually white, 
yellowish dark brown, or black in color. They include two 
common species — muscovite and biotite — and several species 
of less importance. Mica, the familiar “isinglass” of stove 
doors, is readily scratched by a knife, and even more readily 
split into thin leaves or flakes along its cleavage planes. The 
light-colored micas can not be mistaken for any other common 
mineral in igneous rocks. The dark micas, however, might be 
confused with hornblende or augite, since both show the same 
dark-colored smooth glistening surfaces; but the splitting proper- 
ties of the mica are not shared by hornblende or augite. 
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Though a number of species of mica are recognized, only two 
are sufficiently common as rock-forming minerals to require 
consideration here. The two common species are, as above 
noted, muscovite and biotite. Of these, muscovite is a light- 
colored mica, occurring frequently in granites, schists and the 
more acid gneisses; but very rarely in the gabbros, basalts and 
similar basic rocks. Biotite, on the other hand, occurs very 
commonly in certain basic rocks; and somewhat less frequently 
than muscovite in the more acid types. 

Fairly representative analyses of specimens of these micas are 
given below: 


TABLE 5.—ANALYSES OF MICAS. 


Muscovite. Biotite. 
Sli @ ape eee ete Pop Pee teen eget ae Ricnen ele Siive coars 46.3 40.0 
PAULIN aye eee otc tse cc Cate ee eae ide 36.8 728) 
HETTICIOXIG EG Reyes cite. Shear et rece koe 4.5 0.72 
HET ROUSLOXICCAE ett wh core ese ce ee ora iy: 4.88 
IY FEY ia YOSUIEN. ee cte Brant tla Oa ore BO eis Wo ROE MERIT ee 23 .91 
FOG aS Hera ieee y Pare oe Vek ty Fo 9 FB 9.2 8.57 


Comparison of these analyses will show that muscovite is 
relatively high in alumina, while biotite contains large per- 
centages of magnesia and ferrous oxide. This results in charac- 
teristic differences in weathering, for while muscovite is little 
affected by atmospheric action, the oxidation of the ferrous iron 
in the biotite makes it assume a more or less rusty appearance 
on long exposure. Muscovite is slightly lower in specific gravity 
— 2.6 to 3.0, as compared with the 2.8 to 3.2 of biotite. 

(4) The amphibole-pyroxene group includes a large number of 
species, two of which are of common occurrence in igneous rocks. 
These are hornblende (amphibole) and augite (pyroxene), which 
are not readily distinguished from each other in the hand speci- 
men. Both are commonly green to almost black in color, and 
usually break with one smooth fracture surface; but are dis- 
tinguishable from the dark micas, which they often resemble in 
appearance, in not being readily split into thin leaves or plates. 

Though non-aluminous amphiboles and pyroxenes occur, the 
hornblende and augite which are the common rock-forming 
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varieties are essentially silicates of alumina, lime, magnesia and 
iron. The following analysis is fairly representative.» 


Silicate aust ea hss Bea a NR ees 48.8 
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Hornblende occurs more frequently in diorites and granites, 
while augite is characteristic of the more basic rocks. Slight 
differences of specific gravity are to be noted, that of hornblende 
ranging commonly from 3.15 to 3.33, while that of augite varies 
from 3.3 to 3.55. 

(5) Olivine or peridot is a silicate of iron and magnesia occurring 
as an essential constituent of the ultra-basic igneous rocks; and 
as a common constituent of all the basic rocks. It usually occurs 
in small glassy grains, varying in color from yellowish green to 
olive green. The grains are brittle, and usually will show one 
smooth cleavage or fracture surface. 

One of the more important relations of olivine to the stone 
industry arises from the fact that some of the serpentines dis- 
cussed in Chapter V have originated through the alteration of 
rocks rich in olivine. 

Certain other minerals are apt to be developed as secondary 
products, in case the rock has undergone alteration or more 
or less complete decomposition. The more important of these 
secondary minerals are calcite, magnesite, kaolinite, chlorite and 
serpentine. It is to be noted that, of this group, kaolinite is the 
only species likely to result from the alteration of the acid igneous 
rocks; the other four secondary minerals being more commonly 
associated with the decomposition of basic rocks. 

The Classification of Igneous Rocks. — The classification of 
the massive igneous rocks, as at present practiced by professional 
petrographers, has attained a degree of precision and refinement 
which renders it entirely useless to the engineer or quarryman. 
The systematic classification now adopted by most American 
petrographers is based upon chemical analyses of a grade un- 
attainable in ordinary laboratory practice, interpreted and sup- 
plemented by means of the microscope. In the hands of a 
specialist such chemical and optical data can be combined to 


IGNEOUS ROCKS IN GENERAL 29 


give results of great exactness, but by others than specialists 
they can not be safely applied, and the classification * based upon 
them is of no economic importance. 

For our present purposes, the following grouping will be found 
sufficiently accurate and precise. 

A. Rocks which are entirely crystallized, so that each of the 
constituent minerals is recognizable. 


1. Granites: composed essentially of quartz and feldspar; 
with usually lesser amounts of mica, or hornblende, or 
both. The feldspar is occasionally all orthoclase; but 
commonly some plagioclase is also present. The mica 
may be either muscovite, or biotite, or both. 

2. Syenites: composed essentially of feldspar, with sub- 
ordinate amounts of mica or hornblende. Quartz is 
entirely or practically lacking. The feldspar is usually 
a mixture of orthoclase and plagioclase. 

3. Diorites: composed essentially of hornblende and felds- 
par, the former being in excess. Mica, usually biotite, 
may be present in considerable quantity. Quartz is 
rare or absent. The feldspar is commonly a plagio- 
clase, though orthoclase may also be present in sub- 
ordinate amounts. . 

4. Gabbros: composed essentially of pyroxene and feldspar, 
the former being in excess. Olivine may be present, 
as well as biotite. The feldspar is usually one of the 
more basic plagioclases. 

5. Hornblendites: composed essentially of hornblende, felds- 
par being absent. Pyroxene and olivine may be pres- 
ent in subordinate amounts. 

6. Pyroxenites: composed essentially of pyroxene, feldspar 
being absent. Hornblende and olivine may be present 
in subordinate amounts. 


* The reader desirous of further enlightenment regarding this classification 
may, at his own risk, read the papers noted below: 

Cross, W., and others. A quantitative chemico-mineralogical classifica- 
tion and nomenclature of igneous rocks. Journal of Geology, vol. X., pp. 
555-690, 1902. 

Washington, H. S. Chemical analyses of igneous rocks published from 
1884 to 1900, with a critical discussion of the character and use of analyses. 
Professional Paper, No. 14, U. 8. Geol. Survey, 495 pp., 1903. 
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7. Peridotites: composed essentially of olivine (peridot), 
feldspar being absent. Pyroxene and hornblende may 
be present in subordinate amounts. 


B. Rocks in which the bulk of the rock forms a dense fine- 
grained, unrecognizable groundmass, through which a few rela- 
tively large mineral crystals are scattered. These rocks are 
the porphyries. They may be further subdivided into quartz- 
porphyry, feldspar-porphyry, etc., according to the particular 
mineral which makes up the visible crystals. 

C. Rocks in which no mineral constituents are recognizable, 
the rock being a dense, fine-grained mass of microscopic crystals 
often with minor amounts of glassy matter. Subdivided on the 
basis of color and composition into: — 


1. Felsites; light colored, acid rocks. 
2. Basalts; dark colored, basic rocks. 


D. Rocks which show no trace of crystallization, being glassy 
throughout. The volcanic glasses, which require no further 
consideration here. 

Since any of the above types of igneous rock may have been 
subjected, during or after cooling, to pressure sufficient to cause 
banding, we may find types of gneisses corresponding in com- 
position to any of the groups of massive rocks. A rock consisting 
of quartz, feldspar and mica, arrayed in quite definite layers, 
would be a granite-gneiss; a similarly laminated rock consisting 
chiefly of pyroxene and feldspar would be a gabbro-gneiss; and - 
sO on. 

Commercial Classification of Igneous Rocks. — The scientific 
classification of the various igneous rocks is a matter of great 
complexity, as has been noted above. . Fortunately or unfortu- 
nately, engineers and quarrymen have adopted a very simple 
working classification, recognizing only the following groups: 

(1) Granites: including the lighter colored, less dense, coarser 
grained igneous rocks, usually containing much quartz. 

(2) Traps: including the dark colored, dense, heavy igneous 
rocks, composed mostly of pyroxene, basic feldspars, etc., with 
little or no quartz. 

To these should be added a third class, usually derived from 
basic igneous rocks by weathering and other alteration processes. 
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(3) Serpentines: including a series of (usually green) soft 
rocks, composed mostly of hydrated magnesium silicates. 

Pumice, lava, and other igneous products which have cooled 
rapidly at the earth’s surface require no special comment here, 
being usually unfit for structural purposes and therefore of little 
importance to the engineer. It may be noted, however, that the 
natural puzzolan materials often used as cements (pozzuolana, 
trass, santorin, etc.) are all volcanic ashes. 

The distinction thus made by the trade between “granite” 
and “‘trap,” though not in complete accord with scientific group- 
ing, has certain underlying principles of commercial usefulness. 
The dark-colored basic rocks called “traps” agree in being 
tough and difficult to quarry and dress, of dark and somber 
colors, and rather susceptible to weathering; while the light- 
colored acid “‘granites’”’ are more readily excavated and cut, 
usually of light and pleasing colors, and more resistant to atmos- 
pheric agencies. The serpentines differ from both of these 
classes in their fairly uniform greenish colors and in their softness. 

The relation between the scientific and the commercial classi- 
fications of rocks is about as follows (compare page 29, et. seq.). 
Under the head of granite the quarryman includes all the true 
granites and syenites, and the coarser-grained varieties of diorite 
and gabbro, though the last of these is rarely used for structural 
purposes. The trade name trap, on the other hand, includes 
the basalts, the peridotites, pyroxenites and hornblendites, and 
the finer-grained varieties of diorite and gabbro, though most 
commercial trap is either basalt or a fine-grained gabbro. The 
other rocks listed in the scientific grouping — felsite, porphyry 
and the volcanic glasses — are rarely used in structural work. 
The serpentines, though usually derived from igneous rocks, 
find no place in the scientific classification above presented be- 
cause they are not original but secondary products. 


CHAPTER III. 
GRANITES AND OTHER ACID ROCKS. 


Scope of the Term Granite.— The term granite, as used in 
the stone industry, and as it will be employed usually in the 
present chapter, includes practically all of the igneous rocks 
except the traps and serpentines. This is a negative and appar- 
ently very loose definition, but as a matter of fact the term can 
be defined much more closely without seriously interfering with 
its trade application. 

By far the majority of the “granites” known to the stone 
trade are light-colored, coarse-grained stones, composed largely 
of quartz and feldspar, with usually some mica, occasionally 
hornblende and rarely augite. The commercial granite, there- 
fore, is almost always a rock of the type which the geologist 
would also include in his more restricted use of the term granite. 
Occasionally, however, we find syenites and the coarser-grained 
gabbros and diorites handled under the trade name of “ granite,” 
but though these exceptions require note, it must be borne in 
mind that they are exceptions. In 99 cases out of 100, the 
granite of the stone trade is also the granite of the geologist. 

In certain parts of the country, however, the term granite is 
misapplied to kinds of rock which have no possible claim to it. 
This is often the case in districts where igneous rocks are scarce 
or entirely wanting; and in such districts sandstone and even 
limestone may be found, in certain local markets, under the 
local trade name “granite.’”’ Such a misapplication of the term 
has nothing to excuse it, from any point of view, and the most 
reasonable way to treat it is as an attempt to cheat the pur- 
chaser. 

The trade distinctions between the different kinds of granites 
are based largely upon differences in color, coarseness of grain 
and mineral constituents; for most of the technical properties and 


commercial values of granites depend on these three factors. 
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ORIGIN AND MODE OF OCCURRENCE. 


Origin of Granites. — All of the rocks here grouped as granites 
are of course igneous in origin. More particularly, their general 
coarseness of crystallization and entire lack of any uncrystalline 
or glassy groundmass indicates that they did not reach the sur- 
face of the earth at the time when they cooled and solidified 
from their original state of fusion. If they had so emerged, they 
would have been subjected to very rapid cooling; and experience 
with slags shows that fused rock which cools quickly will take 
the form either of porous lava-like products or of dense close- 
grained (or glassy) masses. If, then, the granites had reached 
the earth’s surface while still fused, the resultant quickness of 
cooling would not have permitted the component minerals to 
crystallize out completely in relatively large grains. 

It is therefore fair to assume that such coarse-grained rocks 
as the granites cooled while still some distance below the earth’s 
surface; being protected or blanketed from rapid cooling by 
overlying beds of other rocks. It is true that in many areas 
granites now appear at the surface, but this is due to the fact 
that since their cooling and solidification the rock which then 
overlay them has been worn away and carried off, mostly by the 
action of surface waters. 

Mode of Occurrence. — The chief commercial granites are 
found as portions of large igneous masses, which at the time of 
cooling were injected or intruded into other rocks. Through 
the processes of erosion, these igneous masses now appear at the 
earth’s surface; and in many instances not only the covering 
rock but the rock which once surrounded them laterally has been 
removed. In these cases, the granite masses often project above 
the level of the surrounding country as a boss or dome-shaped 
hill. 

Many of the gneissoid granites which are quarried at various 
points in the eastern portion of the United States are taken from 
the ancient stratiform masses alluded to on page 18, as forming 
the bulk of the Archean rocks. 


MINERAL CONSTITUTION OF GRANITES. 


Chief Constituent Minerals. — Most commercial granites con- 
sist largely of feldspar and quartz, with commonly lesser amounts 
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of mica or hornblende; and often with small percentages of other 
minerals, such as tourmaline, garnet, apatite, rutile, etc. In a 
few syenites which reach the market — notably the Fourche 
Mountain granite of Arkansas, — quartz is scarce or lacking; and 
in this particular Arkansas case the feldspar is replaced by the 
closely allied minerals el@olite and nepheline. Likewise, in a 
few States rather basic rocks are quarried and sold under the 
name of granite; and in these cases augite is often present, while 
the feldspar is one of the plagioclases. 

In most commercial granites, however, the predominant min- 
eral is feldspar. At times this is orthoclase alone, but commonly 
some plagioclase feldspar is also present in lesser quantity. 
Next to the feldspar in abundance is quartz. Mica — either 
muscovite or biotite, and frequently both —is the third most 
common constituent; while hornblende occurs less frequently. 

Identification of Constituents.— When the minerals in a 
granite are in grains or crystals sufficiently large to be clearly 
distinguished, the different essential minerals can usually be 
identified by use of the following key; which simply embodies in 
comparative form certain facts noted on previous pages (see 
pages 25-28). 

A. Showing at least one smooth cleavage surface. 

I. Separable into thin leaves; readily scratched by knife. 
a. Color white, often stained yellow. Mica (Mus- 
covite). 
b. Color black or brown. Mica (Biotite). 
II. Not separable into thin leaves. 
a. Color light — usually whitish, gray, pink or light 
green. Feldspar. 
b. Color dark green to greenish black. Hornblende 
or Augite. 

B. No smooth surface apparent; fracture rough and glassy; 
not scratched by knife; color usually light gray to light blue, 
translucent. Quartz. 

Relative Proportions of Minerals. — Considerable industrial as 
well as scientific interest attaches to a study of the relative pro- 
portions in which the various constituent minerals occur in any 
given granite. There are three ways of determining this. As 
the three methods differ in ease and in accuracy they will be 
briefly discussed. They are: 
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1. Direct Weighing. — In this method the sample is coarsely 
crushed; the different constituent minerals are separated by 
means of heavy solutions; and the respective proportions are 
determined by actual weight. This is the most exact and most 
tedious of the methods. 

2. Chemical Deduction. —In this method the mineral com- 
position is calculated from the chemical analysis of the sample. 
The analysis must be of high grade; and errors are necessarily 
introduced because of certain assumptions which must be made 
as to the composition of the standard minerals. This method 
is the second in rank, so far as difficulty is concerned; and under 
ordinary conditions probably gives the least accurate results of 
the three. 

3. Surface Measurement. — In this method the surface areas 
of the various minerals, as exposed either on a microscope slide 
or on a polished surface, are measured; and the relative pro- 
portions of the various constituents are calculated from these 
surface measurements. This is the easiest of the methods, and 
ranks second in accuracy. 

Color of Granites. — Most granites of commercial importance 
are light to dark gray, or reddish in color, though occasionally 
granites of other colors are marketed. Granites with bluish 
tints, usually faint, are, for example, seen in certain areas, and 
a few distinctly greenish granites are on the market. One 
granite, used in part for an important structure, is quite distinctly 
yellowish in tint. But these exceptions only serve to emphasize 
the fact that by far the majority of granites used in any large 
way are either gray or red. 

When the dark minerals biotite, hornblende and augite are not 
present in great quantity, the color of a granite is determined 
largely by the color of the feldspar which it contains. 

There is some slight reason for preferring gray or light red 
granites to others, on the ground of durability, for they are 
generally composed of minerals which are more resistant to 
weathering. While granites should be carefully examined to 
see that the feldspar is fresh and translucent, for a chalky effect 
is often produced by incipient decay of that mineral. Good 
yellow granites are extremely rare, for that tint is usually due 
to the formation of rust through decay of mica (biotite) or some 
other iron-bearing minerals. Black or greenish granites are apt. 
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to contain large percentages of minerals that are relatively non- 
resistant to weathering — such as biotite, mica, hornblende, 
augite, the more basic feldspars, etc. 


TABLE 6.—MINERAL COMPOSITION OF AMERICAN 
GRANITES. (T.N. Dale.) 


State. Locality. Quartz. sei ike Micas. ee 
Maine arene te mc: Jonesport 44.65 | 28.85 22.45 4.05 
Massachusetts. ...) Milford 35.66 55.91 8.43 
ae :...| Quincy 30.60 60202 Rew ite a ee 9.37 
is ie ms 8.43 GOSS ay eee 22.06 
as aie te 33.50 5600)» 4) Fe ees 10.50 
as oe af 33.74 DSA e a Pad Sores 7.47 
ss eer “ 23.01 OYo8 || wsdos 9.62 
“ ear. as 33.10 DOECe Slime eae 11.10 
oe ....| Rockport 35.82 VERO Gs = aM aan B { 6.20 
as et 31.95 58.45 ey es 9.60 
sf oe ne 38.90 SHAW ol Bodox 5.60 
a eee oe 33.88 Ineo || ae aic 7.26 
“ See os 34.70 SOC) 1) akoos 5.70 
. ....| Becket 49.35 | 28.55 15.37 6.57 
New Hampshire ... Milford 27.09 | 29.72 34.03 8.58 
es ay es 36.70) | 2708 29.16 6.50 
fs ie ee 27.40 | 29).28' 27.70 | 13.51 
a x a I-10 2312380 45522 5.74 
of ..| Conway 31.04 63.15 5.81 
s | Redstone 28 .65 65 .30 5.55 
a “A a 38 .26 54.79 6.95 
es ..| Madison 28 .60 67 .20 4.20 
Vier Ontan cnet iae Hardwick PAL 75) 62.05 16.20 
ae Peake | Newark 30.30 64.80 4.64 
OE ae i eee | Randolph 21 20 76.50 2.30 
a ee eee barre 26.58 65.52 7.90 
eee ee ae | Woodbury | 29.15 64.35 6.48 
paar een i 31.22 Gollan 5.67 
ee ee aie ee a 27 10 65.60 7.30 
BUNT ee oy wes Rochester 29.60 62.10 8.30 
Rhode Its lance Westerly 36.09 | 28.44 30.63 4.09 
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In many cases, however, the selection of stone for a structure 
rests with the architect, not with the engineer, and this occa- 
sionally brings about surprising results. In one instance which 
came to attention an architect of repute paid special prices to 
obtain what seemed to him a particularly desirable grade of 
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stone. He had selected this variety because of its soft yellowish 
tint, and apparently did not realize that it was simply the weath- 
ered phase of a bluish granite, and owed its soft colors to a pretty 
thorough decay of its feldspar. Such a case is of course excep- 
tional, but the desire for a satisfactory color effect should never 
be allowed to conflict with the necessity for obtaining a sound 
stone. 


STRUCTURE AND TEXTURE OF GRANITES. 


Granites are made up of closely interlocking crystals of various 
minerals. These crystals may differ greatly in size; they may 
show fairly definite banding or may be entirely without any 
orderly arrangement. The granite, considered as a rock mass, 
may present certain phenomena as to obvious or incipient frac- 
ture planes. All of these features require consideration under 
the present heading. 

Coarseness of Crystallization.— Granites vary widely in 
coarseness of crystallization, from fine-grained rocks in which 
the individual crystals of quartz and feldspar may be one- 
fiftieth of an inch or even less in average diameter, up to coarse 
aggregates in which the quartz and feldspar may average an 
inch or more in diameter. 

The size of grain has an important bearing on the value of the 
stone for various uses. This effect may be briefly summarized 
as follows: : 

1. For monumental work, or where a high polish is desirable, 
the finest-grained stone is most suitable. 

2. For structural work, the medium-grained stones are best 
adapted. 

3. Coarse-grained stone can be used for little except crushed 
stone. 

4. Very coarse-grained stones—the pegmatites —may, as 
later noted, furnish supplies of quartz and feldspar for the 
pottery and other industries. 

Laminated or Gneissoid Structure. — The term gneiss is 
applied to rocks which have the same chemical and mineralogical 
composition as the granites and their allies, and which from their 
associations and occurrence are usually known to be of igneous 
origin; but in which the constituent minerals are arranged in 
roughly parallel layers or bands. 
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In a granite, or any other normal igneous rock, the various 
mineral constituents are scattered through the rock without 
showing any trace of systematic arrangement; and this lack of 
arrangement is exactly what would be expected to result when 
a large mass of fused rock cools down without disturbance 
from external forces. In places, however, we find rocks of 
undoubtedly granitic composition and origin, but differing from 
normal granites in that they show a more or less laminated or 


Fig. 14.— Lamination and joint planes in gneiss. (Photo by E. C. Eckel.) 


banded structure (Fig. 14). On examination, this is seen to be 
due to the fact that the constituent minerals (quartz, feldspar, 
mica, etc.) of these banded or gneissoid granites are arranged in 
roughly parallel layers. Since these rocks are undoubtedly 
igneous in origin, this lamination can not have originated in the 
same way as the beds and layers seen in sedimentary rocks, 
though the final result is much the same so far as appearance goes. 
Some further explanation is therefore required as to the origin 
of this gneissoid structure. 

It has been said that the laminated appearance is due to the 
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fact that the minerals are arranged in parallel layers. This 
parallelism, in its simplest form, is carried only to the stage that 
the longer axes of the various mineral crystals are so arranged 
as to le in the same plane. In more extreme cases, there has 
been also some degree of segregation of the different mineral 
constituents, so that a layer of quartz, practically free from mica 
or feldspar, will he next to a layer of mica or feldspar containing 
practically no quartz. 

All of this rearrangement of the minerals, whether it be of the 
simpler or of the more complex type, must have originated 
through the action of external stresses on the granite mass, either 
during its slow cooling from fusion or at a later date. If the 
latter, it is obvious that almost complete refusion of the rock 
must have occurred, in order that the gneissoid structure could 
be produced. 

It may be noted here that few granites, even those which show 
absolutely no trace of lamination when viewed in the mass, have 
escaped entirely from the effects of strain, either external or 
internal, occurring during or after their cooling. This is evi- 
denced by the phenomena of rift and grain, referred to in later 
paragraphs. 

Sheet Structure. — In many regions it is noted that granite 
masses show a more or less irregular division, or tendency to 
division, into sheets roughly parallel to the exposed surface of 
the mass (Fig. 15). This sheeting has been ascribed to the 
effects of temperature changes on the exposed surfaces; and in 
many cases this explanation is doubtless sufficient. At times, 
however, evidence is found that similar structures are developed 
at considerable depths below the surface, and the obvious in- 
adequacy of surface temperatures as causes of deep structural 
changes has led various geologists to ascribe some or all sheeting 
structure to strains induced during the original cooling of the 
mass, or to the effects of later external stresses. 

Rift and Grain. — Granite, not being a stratified rock, of 
course does not possess the bedding planes which practically all 
of the stratified rocks exhibit, and along which they usually 
split most readily. The laminated granites or gneisses, it is 
true, split easily in the planes of their lamination which thus 
have the same structural effect as the bedding planes of sedi- 
mentary rocks. 
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Even the most massive granites, however, such as show no 
trace of lamination or gneissoid structure to the eye, are found 
by the quarryman and stone dresser to break and cut more 
readily in certain directions than in others. There are com- 
monly two such planes of relatively easy fracture, usually at 
about right angles to each other. The quarryman speaks of the 
planes of easiest fracture as the rift, and of the other plane as 
the grain. 


Fig. 15.— Sheet structure in granite. (Photo. by E. C. Eckel.) 


The fact that an apparently massive rock does possess such 
planes of relatively easy fracture seems to depend upon the 
existence of minute microscopic fractures crossing the rock in 
the direction of the planes, or in the direction of one of them. 
These microscopic fractures, which are practically incipient 
planes of cleavage, may in some cases be due to internal stresses 
set up during the original cooling of the granite; but in most 


cases they are probably due to the effect of earth movement on 
the rock after its cooling. 
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For more detailed discussion of these phenomena reference 
may be made to the papers by Dale and others cited below.* 

Value of Microscopic Work on Granites. — The examination 
of a thin section of a granite under the petrographic microscope 
should result in identifying accurately the component minerals 
of the stone, and in affording some estimate as to their relative 
abundance. So far the results are of merely scientific interest, 
and if microscopic work could produce no further information 
it might be dispensed with altogether. Fortunately, however, 
it occasionally affords results which justify its use in the study 
of a structural granite. 

The data which under favorable circumstances may be ob- 
tained by the aid of the microscope relate to the physical con- 
dition of the component minerals, and of the rock itself. In- 
cipient decay of the feldspars, partial rusting of the iron-bearing 
minerals and the existence of minute cleavage planes in the rock 
may be noted by the investigator. All of these data are of a 
class which possesses economic as well as theoretical interest. 


CHEMICAL COMPOSITION OF GRANITES. 


Value of Chemical Work on Granites. — The strength of a 
granite is not directly related to its chemical composition, so 
that chemical analysis is of no practical importance in deter- 
mining the possible strength of the stone. It will, however, 
throw a little light on its other physical properties — for example, 
the denser granites are usually those lowest in silica — but even 
then it will be found quicker and less expensive to make specific 
gravity determinations directly rather than to attempt to infer 
their results from a chemical analysis. 

So far as durability is concerned the case for chemical work is 
but little stronger, though here also we might draw some rather 
hazardous conclusions, such, for example, as that the rocks lowest 
in silica will probably prove less durable than rocks of more acid 


type. 


* Dale, T.N. Rift and grain (in granites). Bull. 313, U. S. Geol. Survey, 
pp. 26-29, 1907. Also Bull. 354, U.S. G.S., pp. 19-22. 1908. 

Tarr, R.S. The phenomena of rifting in granite. Amer. Journal Science, 
3d series, vol. 41, pp. 267-272. 1891. 

Whittle, C. L. Rifting and grain in granite. Engineering and Mining 
Journal, vol. 70, p. 161. 1900. 
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From the purely engineering point of view, therefore, there is 
but little reason for making a chemical analysis of a granite. If 
the analysis be a really good one, however, it will be of service in 
assigning the stone to its proper place in the geological classi- 
fication. On the other hand, analyses as made and reported 
by an ordinary laboratory will be of little use to any one or for 
any purpose. 

Normal Chemical Composition of Granite. — The term granite, 
as used in the stone trade, is construed so broadly that at first 
sight it might seem impossible to say anything definite concern- 
ing the average or normal chemical composition of granite. This 
has, at any rate, been the attitude taken by most of the writers 
on this subject. 

As a matter of fact, however, a study of the subject will soon 
prove that the difficulty is more imaginary than real; and that 
it is due chiefly to a failure to realize that the occurrence of a 
few abnormal types does not seriously disturb the average result. 
It is probably safe to say that there is really not much more 
variation in the composition of commercial granite than there is 
in the composition of a number of samples of commercial Port- 
land cement. That is to say, if we could sample all of the granite 
sold in any given year, the range in either direction from the 
average would not be much greater than in a similar series of 
cement samples. 

The extent of this range in granite composition is well illus- 
trated in the series of tables of granite analyses (Tables 8 to 
24). In those tables it is accentuated because of the inclusion 
of a number of gneisses, syenites, etc. These are marketed as 
granites, and their analyses are presented for completeness, but 
it must not be forgotten that the total quantity of such stone 
sold is unimportant in comparison with the quantity of normal 
granite. 

The following table contains a number of average analyses. 
The Georgia average is taken from a report by T. L. Watson; 
all of the other averages were prepared by the present writer. 
The final average in the last column is merely the arithmetical 
average of the preceding seven columns — a method of treat- 
ment which is accurate enough for our present purposes. 
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TABLE 7.—AVERAGE COMPOSITION OF GRANITES. 

M = , South é , 
Staten... Maine. chu pal Nes Caro: Georgia,| Wiscon-) Final 
ota hea is 7 10 10 6 15 21 7 76 
Silicate tne eat: 73.02 |75.65 |'73.75 |70.79 |69.67 |69.67 |73.72 |72.42 
Siamniia tices axe 14.89 |13.30 |13.91 |14.04 15.24 |16.63 |13.38 {14.48 
Ferric oxide........ 0.83 | 1.41 | 1.06 | 1.90 | 1.79 | 1.28 | 1.60 | 1.41 
Ferrous oxide....... O28 |) O70.) 1285 | Set BA | TL Oe Ht aL ats) 
lame ee ec eS £50290,88 127-2031. 181 yf) 2.184) 1601 4 
Magnesia........... 0.13 | 0.06 | 0.41 | 0.76 | 0.66 | 0.55 | 0.41 | 0.48 
Posehn eek ek 5.20 | 4.81 | 4.51 | 4.43 | 4.46 | 4.71 | 3.63 | 4.54 
Sod aie eee co 3.44 | 4.10 | 3.43 173.63 | 3.64 | 4.73 | 3.17.) 3.73 
Woatenee into - ©:461502844 0027 202411) 0.4571. 0143 0.24 
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From the averages in the above table it will be seen that all 
the striking individual variations are eliminated as soon as even 
a small group of analyses are averaged. The final average in 
the last column may be accepted as a fair statement of the normal 
composition around which granites range. 

Composition of American Granites. — The following tables con- 
tain analyses of representative American granites, arranged by 


states. 
TABLE 8.— ANALYSES OF GRANITES: MAINE. 
1 2 3 4 5 6 7 Ne 

Silica leaner ee 73.02 |74.64 |71.54 |73.48 |74.54 |70.94 |72.97 |73.019 
INMoWaNNeh, 2. haansasas 16.22 |14.90 |14.24 |15.26 |13.30 |15.68 |14.63 |14.890 
Ferric oxide........ PAIS) |) NGO) One! |) 12) |) O29 PE ORSS 
Ferrous oxide....... Pes (aaa lel Sa eres Om (On ere2O nde ou ORS 71 
[sim emee We are) 0.94 | 0.39 | 0.98 | 0.88 | 1.26 | 1.28 | 1.48 | 1.023 
Miatonestaerrrsso/- tr tr | 0.34 | 0.09 | 0.01 | 0.19 | 0.27 | 0.131 
IPotashmn renee era 3.42-) 6.88 | 4.73 | 5.66 | 5.01 | 5.54 | 5.18 | 5.203 
Sodaeesterete ee 3.60 | 0.41 | 3.39 | 3.12 | 3.69 | 3.58 | 3.28°|°3.439 
Winter erence ee eres O:<6L 0755053710233) | 0465 


1. Blue Hill, Hancock County; Ricketts & Banks, analyst; 20th Ann. 
Rep. U.S. G.5., pt. 6, p. 3938. 
2. Blue Hill, Hancock County; H. J. Williams, analyst; 20th Ann. Rep. 
U.S. G.S., pt. 6, p. 393. 
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. North Jay, Franklin County; E. T. Rogers, analyst; 20th Ann. Rep. 


U.S. G.S., pt. 6, p. 392. 


. Waldsboro, Lincoln County; Ricketts & Banks, analyst; 20th Ann. 


Rep. U.S. GsS., pt. 6; p. 391. 


. High Isle, Knox County; J. F. Kemp, analyst; Bull. 313, U. S. Gass 


p. 122. 


. Hurricane Island, Knox County; Ricketts & Banks, analyst; Bull. 313, 


OMS Gh Sh 105 Usy-e 
Jonesboro, Washington County; Ricketts & Banks, analyst; Bull. 313, 
UsSaGass pal a0: 


TABLE 9.— ANALYSES OF GRANITES: MASSACHUSETTS. 


1 2 3 4 5 6 7 8 9 10 pee 
Silica ..... 76.07176. 95169. 46/81 .05/77 .08!72 .07|75.77|76.52|73.93/77 .61|75. 651 
Alumina . ./12.67/11.15/17.50)14. 70/12 .54/14. 43/13 .59)12.21)12.29)11 .94)13.302 
Ferric ox. .| 2.00} 0.25) 2.30) 2.71) 0.95} 1.25) 1.14)..... 2.91) 0.55} 1.406 
Ferrous ox.|..... O55 ee lice Gees 0.89} 0.52) 2.66) 1.55) 0.87) 0.704 
Tame 0.85) tr. | 2.57) 1.10) 0.75) 1.18) 0.94) 0.79) 0.31) 0.31] 0.881 


Magnesia .| 0.10} tr. | 0.31) tr. | 0.01} tr.| tr. | 0.13) 0.04! tr. | 0.064 


Potash ...| 4.71| 5.03] 4.07| n.d.| 4.99] 5.41| n.d.| 4.68] 4.63] 4.98] 4.813 
Sod aus 3.37) 5.60} 3.01) n.d.| 3.64] 5.85] n.d.) 2.86) 4.66} 3.80] 4.100 
Wistteroe. ce cde 0.20} 0.82) 0.44)..... 0.35} 0.49} 0.41) 0.41] 0.23] 0.335 

1. Milford, Worcester County; C. F. Chandler, analyst; 20th Ann. Rep. 


10. 


U.8.G.S., pt. 6, p. 404. 


. Milford, Worcester County; H. P. Talbott, analyst; 20th Ann. Rep. 


U.S. G.S., pt. 6, p. 408. 


. Chester, Hampden County; J. F. Kemp, analyst; 18th Ann. Rep. U.S. 


G.S., pt. 5, p. 965. 


. Cape Ann, Essex County; Watertown Arsenal, analyst; 20th Ann. Rep. 


U.S. G.S., pt. 6; p. 402: 

Milford, Worcester County; L. P. Kinnicutt, analyst; Min. Res. U. S., 
1903, pamphlet ed., p. 119. 

Milford, Worcester County; R. H. Richards, analyst; Min. Res. U. S., 
1903, pamphlet ed., p. 119. 

Milford, Worcester County; R. H. Richards, analyst; Min. Res. U. S., 
1903, pamphlet ed., p. 119. 


. Milford, Worcester County; R. C. Sweetzer, analyst; Bull. 354, U. S. 


Geol. Surv., p. 88. 


. Quincy, Mass.; H. 8. Washington, analyst; Bull. 354, U. S. Geol. 


Sury., p. 93. 


Rockport, Mass.; H. 8. Washington, analyst; Bull. 354, U.S. Geol. 
Surv., p. 123 
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TABLE 10.—ANALYSES OF GRANITES: NEW HAMPSHIRE. 


if 2 3 4 5 6 
Silicate ewes jt ne eae 73.15 |72.47 |71.44 170.42 |66.80 |74.47 
Alumina 16.17 |14.72 |14.64 |18.29 |14.15 
INSAAG ORO Pas anawe coe cen ae 17.04 saga lp Pooks) |) WS Asoo | alae 
Ferrous oxide OFATS OPAC 2h34) 5 cbse lel 
Teo (Siig ea AMA and on ee ssa we 0.81 165 oebr es hee Le 
Wid ome slats tr. air: oi. Drei) OAs) Cs8o TO scee WP OLGR 
In G tas ete Sry ace hs, SOR 5.44 | 4.838 | 0.89 | 0.71 | 1.77 | 4.14 
ROGIER. Jae ee ral es ols Ue eae 2.05 |-3-43. | 7.66 | 7.80 | 6.09) | 1.97 
\WRHUG oh! Sec eee Sack A Ue NNO LT ee eee eae sae Hdl |) ean alee4o 


1. Troy, Cheshire County; L. P. Kinnicutt, analyst; 20th Ann. Rep. U.S. 


Geol. Surv., pt. 6, p. 418. 


2. Mason, Hillsboro County; Ricketts & Banks, analysts; 20th Ann. Rep. 
U.S. Geol. Surv., pt. 6, p. 418. 
3. Redstone, Carroll County; F. C. Robinson, analyst; 20th Ann. Rep. 
U.S. Geol. Surv., pt. 6, p. 417. 
4. Redstone, Carroll County; F. C. Robinson, analyst; 20th Ann. Rep. 


U.S. Geol. Surv., pt. 6, p. 417. 


5. Lancaster, Coos County; E. R. Angell, analyst; Min. Res. U. S., 1903, 


pamphlet ed., p. 136. 


6. Concord; Sherman & Edwards, analysts; Bull. 354, U.S. G.S., p. 150. 


TABLE 11.—ANALYSES OF GRANITES: CONNECTICUT. 


1 2 3 4 
Siltcap(SiOs ereos se yiewc ioe eer 68. 40 PES 72.06 68.11 
(Niven; CAUKO RNS occ o0¢ ced anctunse IMSS 7655 14.83 14.28 
Ferric oxide. (He;O3)o.. 2.2 42 - ee 2.97 16.95 1.28 2 63 
Ferrous oxide (BeO))...:.:......... 0.65 0.64 : 
cimen(@aO) evenness aare cs 1.64 105: 1.20 1.86 
Maonesian(Mig@))merraane steers: 0.12 tr. OF18 0.68 
Potashu (ks ©) Ra aes ci pet reser ealie 5.78 8.15 5.64 5.46 
Soda (Na2O)..... c eran tele Meet fe tea eters 4.16 0.90 4.31 6.57 
Water above 100° C. 
ee aoe Seetice 0.48 siu).0;226  Onesialn ad) 


— 


L. P. Kinnicutt, analyst. 
3. Brooklyn Quarry, Stony Creek, 
H. T. Vulté, analyst. 


Millstone Point, H. T. Vulté, analyst. 
2. Red granite Co., quarry, Stony Creek, 


Bulletin Geol. Soc. America, 
vol. 10, p. 375. 


4. Booth Bros. quarry, Waterford; Ricketts & Banks, analysts; 20th 
Ann. Rep. U.S. G.S., pt. 6., p. 364. 
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TABLE 12.—ANALYSES OF GRANITES: VERMONT. 


1 2 3 
Sil c cere eee eee ee een oy ete ee oes or 69.56 tl a? 69.89 
EATUTIIN A ee te ey ee ote eee 15.38 16.78 15.08 
HerTIClOxXIOO we Tie nee oe DOD 0.84 1.04 
RerrousiOxid ener ena a ees FA ae ebay 1.46 
CAT Ce CE Rae re ee en een 176 2.56 2.07 
NES onesiaientne wees eas cu aes ene tr. 0.32 0.66 
Rotash eae nr ee Pee eee 4.31 0.62 4.29 
SOC a eee eras ap ene eat noeon 5.38 2 4.73 
MSA io) ee 8 ace, Cate ee RR ec ee 102, 0.33 0.54 


1. Barre, Washington County; W. C. Day, 20th Ann. Rep. U. S. Geol. 
Surv., pt. 6, p. 445. 

2. Bethel, Windsor County; C.S. McKenna; Min. Res. U.S., 1903, p. 177. 

3. Barre, G.I. Finlay, Rept. Vt. State Geol. for 1902, p. 55. 


€ 


TABLE 13.— ANALYSES OF GRANITES: RHODE ISLAND. 


1 2 3 

Silican(SiOn) Bereta soem eee (LPS 71.64 73.05 
/Nitimmings CNKO >) aica.c anoeecoeduoons 13.65 15.66 14.53 
pitanke eo Pein we ated 0.21 

erric oxide (Fe203)............... 1.70 
Ferrous oxide (FeO) ASE Ae ore 1.00 f 2.34 2.96 
Manganous oxide (MnQ)........... 0.05 tr. tr 
imey (CaO) eeeceer a racers ee 2eol 2.70 2.06 
IMagnesiag(lic@)) seers tee 0.75 tr. tr. 
RotashutKs@))teee mee eee eee 3.79 5.60 5.39 
Soda hauler Yaa we 3.55 1.58 1 e@ 

ater above SIC: 
Water below 100° C. rf ied 1.72 0.48 0.29 


1. Conanicut Island, L. V. Pirsson, analyst. 
2. Gray, Westerly, 
3. Red, Westerly, 


Bulletin Geol. Soc. America, 
tr. W. Love, analyst. vol. 10, p. 378. 
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TABLE 14.—ANALYSES OF GRANITES: NEW YORK, PENN- 


SYLVANIA, AND DELAWARE. 


Constituent. 1 2 3 4 5 
SiC apres ye eee eee 63.19 66.72 69.10 74.84 67.98 
suns OE GES EN ned 10.50 16.15 14.69 18.90 15.14 
ELGICROXIG Cee perenne 10.97 4.63 3.69 
Ferrous: oxide........... 1.51 3.42 j TSCem | Pye 4:39 
ain RR peat tht bare ys 6.12 2.30 1.90 15a es ORS. 
INI ones laren tee ee ge aoe 1.44 0.73 0.68 0.92 | 0.53 
Rotashieers sn ipter eem 4.02 5.66 9.00 1§ 0.45 
SOdareice aeriee cio td ook 1.92 Ac SOs il pane | eee | } 4.32 
WA Gerere-. sheet meet nn Re. 0.19 ORT Taek et ult ee 0.30 


1. Hornblende diorite. Jona Island, N. Y. J. F. Geiste, analyst. 20th 


Ann. Rep. U.S. Geol. Sur., pt. 6, p. 421. 


2. Augite syenite. Little Falls, Herkimer County, N. Y. E.W. Morley, 


analyst. 


3. Hadley, Saratoga County, N.Y. Pittsburg Testing Laboratory, 


analyst. Min. Res. U.S. for 1903. 


4. Ridley Park, Chester County, Pa. Solvay Company, analyst. 


Res. U.S. for 1903. 


Min. 


5. Augustine, Newcastle County, Delaware. Booth, Garrett & Blair, 


analyst. Min. Res. U.S. for 1908. 


TABLE 15.—ANALYSES OF GRANITES: NEW JERSEY. 


1 2 3 4 5 6 ff 8 9 10 | Aver- 
age. 
Silica (SiOz) . |71.91/77.59)74.36|75.56|69.48|75.02|75.15)74.70|68.60|75.17|73.754 
Alumina 
(Al,O3) .... |15.71|10.53)12.75/12.61)16.42/13.73)14.65|15.45)14.72)12.55/13.912 
Ferric oxide 
(Fe2.03) ... | 0.21} 0.21) 2.09) 0.64) 0.56) 0.83) 0.11} 0.08) 4.29) 1.54] 1.056 
Ferrous oxide 
(CEie@)) ene: 0.13} 1.74) 1.35) 1.16} 2.60) 0.99) 0.90] 0.64] 1.41) 1.41) 1.233 
Lime (CaO) . | 0.70) 0.76) 0.82) 0.84| 3.45} 0.88] 0.92} 1.70) 1.46) 1.15) 1.268 
Magnesia 
CWO) 6 5666 0.03} 1.01} 0.11} 0.05) 1.15} 0.03} 0.04) 0.06) 0.38] 0.21) 0.407 
Potash (K,O) | 8.60} 5.30) 3.76) 5.93} 1.18) 4.74] 4.71) 2.62) 3.52) 4.62) 4.506 
Soda (Naz,O). | 2.61] 1.58) 3.44 2.35) 4.59] 3.36) 3.60} 4.90] 4.82} 3.07] 3.432 
Water (H2O). | 0.27| 0.60) 0.20) 0.42) 0.34) 0.17) 0.24) 0.10} 0.16) 0.22) 0.272 


Analyses 1-10 by R. B. Gage. Quoted from An. Rep. State Geologist, 


N. J., for 1908. 


. Coarse grained pink granite, Pompton Junction. 

Gneiss inclusions in preceding granite. 

Gray gneissoid granite, di Laura’s quarry, near Haskell. 
. Pinkish granite-gneiss, Charlotteburgh. 
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5. Dark gray granite, Malley’s quarry, Morris Plains. 

6. Reddish granite-gneiss, Allen quarry, Waterloo. 

7. Whitish granite-gneiss, quarry two miles north of Waterloo. 

8. White granite-gneiss, D. L. & W. R. R. quarry south of Cranberry Lake. 

9. Gray granite, Kice’s quarry, north of German Valley. 

10. Light gray gneiss, Kice’s quarry, west of German Valley, 
TABLE 16.—ANALYSES OF GRANITES: MARYLAND. 
1 2 3 4 5 6 7 

SINICA emcee Reet ee etree 74.87 |72.57 |71.79 |71.45 |70.45 |66.68 |62.91 
INN an Geen neo 14.27 |15.11 |15.00 |14.36 15.98 |14.93 |19.13 ° 
Hernicroxide sey. meer or ee | Ono9e ON 7a ze 0 ae On Onl ele OSmmOn08 
MerrOUSTOXIGE ay ayaa oe 0.51 | 1.02 | 1.12 | 2.78 | 1.84 | 3.32 | 3.20 
WATE SA. ee opens Meines. ooh 0.48 | 1.65 | 2.50 | 1.58 | 2.60 | 4.89 | 4.28 
IMPONE SIA eee creat eae ochre Ont 08300 ROR SIO lel (SON edale 2a Ome Oo 
IPOtashe Maren. voc tita erie 5.36 | 4.83 | 4.75 | 3.28 | 3.59 | 2.05 | 3.38 
SOG BN es accra ee Ore ccs 3.06 | 3.92 | 3.09 | 1.95 | 3.83 | 2.65 | 32794 
IWisdiGED ees Ont ah iectaer > % mie 0.92 | 0.47 | 0.64 | 1.380 | 0.45 | 1.25 | 0.63 


All of the above analyses are by W. F. Hillebrand, and are quoted from 
15th An. Rep. U. S. Geol. Survey, page 672. The localities were as follows: 


1. White granite, Brookville, Montgomery County. 


NOP wb 


. Biotite-muscovite granite, Guilford, Howard County. 
. Biotite granite, Woodstock, Baltimore County. 
. Biotite granite, Sykesville, Carroll County. 
. Biotite granite, Dorsey Run Cut, Howard County. 
Biotite granite, Rowlandsville, Cecil County. 

. Biotite granite, Dorsey Run Cut, Howard County. 


TABLE 17.—ANALYSES OF GNEISSES: MARYLAND AND 
DISTRICT OF COLUMBIA. 


3 4 5 

Silica aren coe aeese oe 73.69 69.33 67 .22 63 .43 78 .28 
PAU UTa Ia eye eee 12.89 14.33 15.34 16.69 9.96 
Herrictoxidememae ss 10258 hee ae 2.78 3.36 1.85 
Berrous oxide 23.0...) 2.59 3.60 3.41 3.87 1.78 

HI Ove erie cise ees es 3.74 3.21 1.36 0.80 1.68 
INS INEST oto cul eae cn 0.50 2.44 1.65 2.33 0.95 
Rota shee carr. cys 6 ote 1.48 2.67 3.26 3.22 1.35 
SOC azeet sate eae yer ee 2.81 2.70 2.00 2.38 2.73 
WAGED errr eng) cere 1.06 1.22 1.97 2.90 0.95 

1. Biotite gneiss, Port Deposit, Cecil County, Md. Wm. Bromwell, 


analyst. 20th Ann. Rep. U.S. Geol. Surv., pt. 6, p. 399. 
2. Biotite gneiss, Broad Branch quarry, District of Columbia. W. F. 


Hillebrand, analyst; 15th An. Rep. U.S. Geol. Surv., p. 672. 
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3. Potomac Stone Company quarry, below Chain Bridge, D. C. Ibid, 
p. 670. 
.4. Emery’s Store, Cabin John Bridge, Montgomery County, Md. Ibid, 
p. 670. 
5. Great Falls, Montgomery County, Md. Ibid, p. 670. 


TABLE 18.—ANALYSES OF GRANITES: VIRGINIA. 


| Average 
1 p) aie a ee 5 6 a. 8 9 10 oP ies 


Silica... ..|72.27|71.51|71. 19/70 .83)/69 . 48/69 . 44/69 . 29/68 . 45/60 .52,58 .32/70. 787 
Alumina, .|14.30/13 .82)14.01/12.70/13 .95|15 .46|/14.07|10 00/16 .99 15.77|14.04 
Ferric ox. | 1.16) 1.76) 1.66) 2.67) 2.82) 1.31) 2.59) 5.71) 0.60] 6.56] 1.897 
Ferrousox.| 0.97] 1.20; 1.29) 1.36) 1.70) 1.43) 2.03) 2.59) 6.53] 0.59) 1.325 
hime =... .: 1.56} 1.79) 2.04) 1.88) 2.81) 2.11) 2.67} 6.20) 4.58)/11.58| 2.032 
Magnesia .| 0.70) 0.80) 0.14] 0.53} 1.10} 1.01} 1.32) 3.26) 1.59) 0.09) 0.763 
Potash ...| 5.00) 4.63) 4.45} 4.83) 3.45) 4.25) 2.87) 1.18) 3.91) 4.01] 4.435 
SOB oe vee 3.45] 3.64) 3.56) 3.49} 3.65) 3.97) 2.89) 1.98) 2.83) 0.32) 3.628 
Water ....| 0.29} 0.48) 0.37) 0.41) 0.54/ 0.36) 0.43) 0.80) 0.88) 1.73] 0.408 


All the above analyses are quoted from Bulletin 426, U. S. Geol. Survey, 
pages 72 and 78. Analyses 1 to 8 inclusive are by M. W. Thornton; analyses 9 
and 10 by W. C. Phalen. The localities are as follows: 


1. Biotite granite, Westham quarries, Richmond, Chesterfield County. 

. Biotite granite, Petersburg Granite Co., Petersburg, Dinwiddie County. 
. Biotite granite, McGowan quarry, Chesterfield County. 

. Biotite granite, Netherwood quarry, Chesterfield County. 

. Biotite granite, Cartwright and Davis quarries, Fredericksburg, 

Spottsylvania County. 

. Biotite gneiss, Middendorf quarry, Manchester, Chesterfield County. 

8. Biotite gneiss, Cartwright and Davis quarries, Fredericksburg, Spott- 
sylvania County. 

9. Pyroxene syenite, Milams Gap, Page County. 

10. Epidote granite, Milams Gap, Page County. 


oe ww bo 


“I 


TABLE 19.—ANALYSES OF GRANITES: NORTH CAROLINA. 


1 2 3 4 5 6 
SiliGae aera acta Pacer: 75.92 75.14 NW 56 1-70.70) 69228 1266201 
ATUTMIN ae erate ean ZA I sale || Ie 7) | Saget, |) aly 4! n.d. 
HerriGrOxtd Gaerne eee re 0.88 | n.d. IES 7a \enids 1.08 n.d. 
Rerrousioxidenean free cee Capa RIN Clare | teers n.d. 2 n.d. 
Pinney et eet ot es Seton 0.02 | 0.93 DUR | GUE |) PASO) 1.44 
NMaenesiaguen merc cece 0.09 | n.d. 0.30 | n.d. Oe anecl. 
IPOLASH OP aIte ac ete 4.01 on 11.96 es Da Omens LO 
Soda acre ere on ees 4.98 | 5.82 ; Az5O a) o.604. 506 
Wiaibet acne an eee ae ee 0.64 | n.d n.d n.d. n.d. n.d. 
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. Quartz porphyry; Charlotte, Mecklenburg County; Genth, analyst; 


Geology of North Carolina, Vol. 1, p. 124. 


. Pink Granite Company, -quarry, Dunn’s Mt., Rowan County, Bull. 


426, U.S. Geol. Surv., p. 117. 


. Granite; Mount Airy, Surry County; C. M. Cresson, analyst; 18th 


An. Rep. U.S. Geol. Surv., pt. 5, p. 970. 

Granite; Mount Airy, Surry County; Bull. 426, U.S. Geol. Surv., p. 117. 

Granite; Raleigh, Wake County; Hanna, analyst; Geology of North 
Carolina, vol. 1, p. 302. 

Granite; Johnson quarry, Mooresville, Iredell County; Bull. 426, 
Wo ASS Gig Se, joe WIA : 


BLE 20.—ANALYSES OF GRANITES: SOUTH CAROLINA. 


1 2 3 4 5 6 7 8 9 


SILC Aree 68.70/68. 71/68 .80/68.90/69.52 |69.74) 70.11|70.20/70.54)70.77 
Alumina... =. 15.49/15.41/15.73|15.75)16.77 |13.72| 15.76)14.22)14.56/14.89 


Ferric oxide ..| 1.10) 1.85] 2.14) 1.16 
Ferrous oxide.| 3.73) 1.59] 1.57) 1.49 
IimMensecaee nee 1.70) 1.64) 1.64) 2.66 


Potash....... 3 .36| 4.61] 4.54] 3.49 


Silica...../70.90 |71.20| 72.19/72.22 |73.26| 62.34/65.72/68.15/73.10 

Alumina. .|15.25 {17.04 

Ferric ox. | 1.52 ) 

Ferrous ox.) 1.53 § 3.48) | ie : 1 

i il By 1.36] 3.28] 2.80) 2.80) 1. 
0.58 OFss sO 45 OA Ono 

.94| 4.30 6.89| 5.14) 3.80) 3.84) 5 
Seo 0.55} 5.28) 3.68) 3.80) 3 
O52 Viney se OR28n0nso eOn28 023 


All of the above analyses are quoted from Bulletin 426, U. S. Geol. Survey, 


pages 174-175. The localities are as follows: 


1. Porphyritic biotite granite, Clouds Creek, near Batesburg, 
County. 

Porphyritic biotite granite, Flat Rock, Kershaw County. 

Biotite granite, Cold Point Station, Laurens County. 

Biotite granite, Jackson quarry, Clover, York County. 

Biotite granite, Leitzsey quarry, Newberry, Newberry County. 

Biotite granite, Anderson quarry, Rion, Fairfield County. 


Saluda 


Biotite granite, Excelsior quarry, Heath Springs, Lancaster County. — 
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8. Biotite granite, Flatrock quarry, Carlisle, Union County. 
9. Biotite granite, Benjamin quarry, Greenwood, Greenwood County. 
10. Muscovite-biotite granite, Whiteside quarry, Filbert, York County. 
11. Muscovite-biotite granite, Blair, Fairfield County. 
12. Biotite granite, Keystone Granite Company, Pacolet, Spartanburg 
County. 
13. Biotite granite, Ross quarry, Columbia, Lexington County. 
14. Biotite granite, Southern Granite Company, Heath Springs, Kershaw 
County. 
15. Biotite granite, Winnsboro Granite Company, Rion, Fairfield County. 
16. Biotite gneiss, Hanckel quarry, Pendleton, Anderson County. 
17. Biotite gneiss, Ware Shoals, Laurens and Abbeville Counties. 
18. Biotite gneiss, Beverly, Pickens County. 
19. Biotite gneiss, Bates quarry, Batesburg, Lexington County. 
TABLE 21.—ANALYSES OF GRANITES: GEORGIA. 
1 2 3 4 5 6 7 8 9 10 
Sil Camegesesa wei oe 72.56/71 .00)70 .38/70 .30)70. 18/70 .03 69. 88)69 .74 69.6469 .55 
ANNONCES os 6 a naae 14.81)16.33)16.47)16.17)17.30)15 62/16. 42/16. 72/17. 2116.72 
Ferric oxide..... 0.94) 1.12) 1.17) 1.19) 1.20) 1.31) 1.96) 1.45) 1.32) 0.99 
ime ere feces 1.19) 1.83} 1.72) 2.61) 2.03) 2.45) 1.78) 1.93} 2.14) 1.69 
Magnesia........ 0.20) 0.35) 0.31) 0.31] 0.64) 0.52) 0.36) 0.36) 0.66) 0.27 
[OE Eke de Mme ames 5.30] 4.65) 5.62) 4.88) 4.77) 5.42) 5.63) 5.33] 4.95) 3.94 
SLOVG Fehia 8 uanoree Seton She 4.94) 4.80} 4.98} 4.72} 4.36) 4.22) 4.45) 4.84) 4.53) 5.88 
Wis beTe fame em aur: 0.70} 0.87} 0.31) 0.63] 0.385) 0.77) 0.39) 0.47) 0.35} 0.27 
rat 12 13 14 15 16 17 18 19 20 
Silica............|69.53|69. 45/69 .36 69.34 69.25 69.08 69.07 68.81 68.79 68.76 
AN IDUGMOR YS poh oboe 16.46 15.93,17.23 17.0116 .04/17 67/16. 56/17 .67)16.48)/16.80 
Ferric oxide..... 1.15} 1.31) 1.43) 1.74) 1.72) 1.41) 1.37) 1.13) 0.98) 0.99 
bite Ree eee 2.10) 1.91) 2.14) 2.77) 1.89) 3.27) 1.88) 2.17) 1.76) 2.72 
Magnesia........ 0.85} 0.55} 0.59] 0.61) 0.31) 0.64 0.76, 0.50) 1.30) 1.00 
RO TAS heres 4.91} 5.16) 4.57) 4.54) 4.94) 3.29) 5.02} 3.90) 5.85} 3.70 
OCae wees ote Oe 5.00) 4.33) 5.17) 4.69) 4.52) 4.56) 4.65) 4.97) 4.74) 4.82 
Wisiten nue 0.91) 0.50) 0.33) 0.26] 0.43) 0.56) 0.92) 0.30) 0.38) 0.29 
21 22 23 24 25 26 27 28 29 30 
Silicate see 68.38 66.92 63.27 70.90 70.88/70. 24 69.77 69 .48|69.37 69.17 
Nunn eee 17.79|18.1919.93)15.86/15.86)16.78 17 .05|16.64/16.99 16.47 
Ferric oxide..... 1.21) 3.05) 2.82) 1.37) 1.77} 1.46) 1.60) 1.84) 1.99) 1.22 
planets aimee ay ase eed 2,85) 4.95) 2.89) 2.15) 1.79) 2.00) 2.21) 2)32) 2:03) 2.02 
Magnesia........ 0.72) 1.25) 0.49} 0.02) 0.93] 0.76) 0.99) 0.29) 0.84) 0.61 
IEOURISI Me o'ntmn.co 2 6.0 3.57| 2.02| 4.85} 4.62) 4.64) 5.03! 4.08) 4.49) 4.54) 4.41 
Sodawesiie 4.36] 3.83| 4.14| 5.05| 3.94| 3.70| 3.97| 4.74) 3.44] 4.89 
Widibelpaetetas eae 0.78} 0.46} 0.86) 0.50) 0.49] 0.50; 0.44) 0.46} 0.55) 1.06 
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TABLE 21 (Continued) 


31 32 33 34 35 36 37 38 39 40 
Silicate een ete 69 . 13/67 .62/66 31/63. 65|76 .37|76. 00/75. 89/75. 45/75. 16/74 .96 
A Tuning ec eee 17.14/16.29/18.27|20.46]13 31/13. 11}14.02/13.71)13.74)13.71 
Ferric oxide..... 1.52] 2.31] 2.51] 2.20} 1.21) 0.92) 0.71) 0.92) 0.91) 0.90 
Times. ane 1.85| 2.37} 2.91) 3.38] 1.13) 1.06] 0.70) 0.94) 0.91) 1.02 
Magnesia........ 0.79] 0.78} 1.22) 1.50} 0.10} 0.27] 0.12} 0.18| 0.17) 0.24 
Rotashiae eee 5.49| 4.58) 4.09] 4.58) 3.68} 4.69} 5.56) 4.30) 5.05) 4.79 
Oda settee sires: 4.06] 5.42) 3.69] 4.75) 4.02} 3.88! 3.64) 3.87] 3.76) 4.68 
Wiattelurey senor 0.52) 0.32] 0.61] 0.42) 0.20) 0.31] 0.28] 0.40) 0.32) 0.44 

41 42 43 44 45 46 

SULTCee ae Aer Cee eee ee 74.80 |73.95 |72.96 |71.20 |69.51 |68.89 
ATTN Da eka ee eee eae 15.46 |14.23 14.70 |15.46 |16.32 |16.47 
HerniciOxideenaacc eee ese 1.04 | 1.29 | 1.28 | 1.17 | 2.38 | 2.34 
ARTY oe ai oka rary am em een i ola ict O82 ROT e285 Pe Son le S45 ios 
Maonesiasa na ect ae 0.11 | 0.23 | 0.07 | 0.38 | 1.28 | 0.40 
Potashiatn er esno Sete 2.52 | 5.29 | 4.73 | 5.30 | 3.47 | 4.15 
SOd aii hee tens ork SM ee eeen ae 4.80 | 4.61 | 4.18 | 4.96 | 3.82 | 4.38 
MEET Ket On ecg ene ete ate rns Ch ton a ot ORSL SRO Z5m OR235 OO Zale lias ORS Z 


Analyses 1 to 46 of the preceding table are quoted from Watson’s report on 
the granites of Georgia, published as Bulletin 9, Georgia Geological Survey. 
All were made by T. L. Watson, on samples collected by himself. Nos. 1 to 
23 inclusive are of normal granites; Nos. 24 to 34 are of porphyritic granites; 
and Nos. 35 to 46 of gneisses. The localities from which the various samples 
were taken are as follows: 


1. Stone Mountain, DeKalb County. 
2. Fortson quarry, near Goss, Elbert County. 
3. Coggins Granite Company, near Elberton, Elbert County. 
4, Diamond Blue Granite Company, Hutchins, Oglethorpe County. 
5. Brown-Deadwyler quarry, in Madison County. 
6. Lexington Blue Granite Company quarry, Oglethorpe County. 
7. Greenville Granite County quarry, Meriwether County. 
8, 9. Coggins Granite Company quarry, near Oglesby, Elbert County. 
10. Carmichael quarry, Fairburn, Campbell County. 
11. Hutchins, Oglethorpe County. 
12. Swift & Wilcox quarry, Elberton, Elbert County. 
13. Childs quarry, Oglesby, Elbert County. 
14. Linch quarry, Eatonton, Putnam County. 
15. Tate & Oliver quarry, Elberton, Elbert County. 
16. Cole quarry, Newman, Coweta County. 
17. Overby quarry, Coweta County. 
18. Echols Mill, Oglethorpe County. 
19. Hill quarry, Newman, Coweta County. 
20. Turner quarry, Griffin, Spalding County. 


21. 
22. 
23. 
24, 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
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Camak, Warren County. 

Grantville, Coweta County. 

Tigner quarry, Odessa, Meriwether County. 
Georgia Quincy Granite Company quarry, Sparta, Hancock County. 
Lime Creek, Fayette County. 

Flat Rock, Pike County. 

Heggie Rock, Columbia County. 

Sparta quarry, Hancock County. 
Milledgeville, Baldwin County. 

Moseley quarry, East Point, Fulton County. 
Greensboro, Greene County. 

Rocker quarry, Hancock County. 

Brinkley property, Warren County. 
McCollum quarry, Coweta, Coweta County. 
Odessa quarry, Meriwether County. 

Crossley quarry, Lithonia, Dekalb County. 
Snell quarry, Snellville, Gwinnett County. 
Tilley quarry, Rockdale County. 

Arabia Mountain, Lithonia, Dekalb County. 
Flat Rock, near Franklin, Heard County. 
Flat Shoals, Meriweather Co. 

Flat Rock, Coweta County. 

Southern Granite Company quarry, Lithonia, Dekalb County. 
Freeman quarry, Covington, Newton County. 
Athens, Clarke County. 

McElvaney Shoals, Gwinnett County. 


TABLE 22.—ANALYSES OF GRANITES: ARKANSAS, 
MISSOURI AND OKLAHOMA. 


Constituent. i 2 3 4 5 6 7 8 9 
Silica Sete ee oo eee 60.03/59 . 62/59 .70|72. 35/71 .88}71 .33/69 .94/77.05| 65.30 
Alumina seen 20 .76)18 .67}18.85}13.78/12.88}12.55)15.19)11.77| 19.94 
Ferrie oxide;.....<... 4.01} 5.07) 4.85) 1.87) 3.05) 3.75) 1.88] 2.33) 2.60 
Ferrous oxide........ OR eee ae oe 0.36} 1.05) 0.85] 0.60 n.d. | hte 
ime Meee fac re aks 2.62) 1.80) 1.34) 0.87) 1.13) 0.94] 1.15) 2.21) 4.50 
INMiaenesianiass. to tele 0.80] 0.84] 0.68} 0.42) 0.33) 0.58) 0.92} n.d. | 1.00 
Rotashmen eee eeee 5.48] 5.65] 5.97) 4.49) 4.46) 4.20] 4.29) 3.88 4 37 
SOc ae rds eee ee 5.96} 6.95) 6.29) 4.44) 4.21) 4.52] 3.95] 2.90 : 
Wistenre cite i beltice 0.80) 1.88] 0.76) 0.43] 0.42) 0.99) 0.52) 0.30 


1. Eleolite syenite, Fourche Mt., Ark.; R. N. Brackett, analyst; An. 


Rep. Ark. Geol. Sur. for 1890, vol. 2, p. 39. 


2. Eleolite syenite, Bauxite Station, Ark.; W. A. Noyes, analyst; An. 


Rep. Ark. Geol. Sur. for 1890, vol. 2, p. 135. 


3. Elzolite syenite, Fourche Mt., Ark.; W. A. Noyes, analyst; An. Rep. 


Ark. Geol. Sur. for 1890, vol. 2, p. 181 
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4. Granite, Ironton, Mo.; W. Melville, analyst; Prof. Paper, No. 14, 
U.S. Geol. Sur., p. 147. 

5, 6. Quartz porphyry, Ironton, Mo.; W. Melville, analyst; Ibid. 

7. Granite, Ironton, Mo.; Ibid, p. 161. 

8. Granite, Graniteville, Mo.; W. Melville, analyst; 18th An. Rep. 
U.S. Geol. Sur., pt. 5, p. 968. 

9. Tishomingo, Oklahoma; Min. Resources U. 8., for 1903. 


TABLE 23.— ANALYSES OF GRANITE: WISCONSIN. 


1 2 3 4 5 6 ee es 
Silican(SiO;)5.. 52. 76.54 166.10 175.40 |74.62 |76.62 |73.65 |73.09 |73.717 
Alumina (A1,03)... |13.82 |20.82 |11.34 |10.01 |13.02 |11.19 |13.438 |13.376 
Ferric oxide (Fe.03)| 1.62 | 1.52 | 4.16 | 3.85 | 1.01 | 1.31 | 2.57 | 1.604 
Ferrous oxide...... Oe ee (QRZ cel el a2 alee Ronan | leaeepen eels O20) 
inti Cees sean tires 0.85 | 1.57 | 0.90 | 2.43 | 0.51 | 2.78 | 2.29 | 1.619 
INA ERNESTE IS 6 5 co om ee 0.01 | 0.95 | .... | 0.38 | 0.05 | 0.51 | 1.03 | 0.412 
IRONS oo nSoan hae Deol eISE4S NO e44alino 2OSe NOROSs | ele SOn ROSE eeROSS 
Soc ates aa aree AS22094 ILe76n nonoonl 2e24al tone TonsOmimOetoo 
Wiaiters senaoes eared OL208 ORSAT ane Obes alae OLA 4a NOR 2a mORA2S, 


1. Wausau, W. W. Daniells, analyst; Bull. 4, Wis. Geol. Sur., p. 420. 

2. Athelstane, W. W. Daniells, analyst; Bull. 4, Wis. Geol. Sur., p. 420. 

3. Montello, F. G. Weichmann, analyst; Bull. 4, Wis. Geol. Sur., p. 420. 

4. Waushara, S. Weidman, analyst; Bull. 4, Wis. Geol. Surv., p. 420. 

5. Waushara, Milwaukee Monument Company, A. 8. Mitchell, analyst; 
Min. Res. U.S., 1903, p. 204. 

6. Berlin, S. Weidman, analyst; Bull. 4, Wis. Geol. Surv., p. 420. 

7. Uttley, S. Weidman, analyst; Bull. 4, Wis. Geol. Sur., p. 420. 


TABLE 24.—ANALYSES OF GRANITE: WESTERN AND 
PACIFIC STATES. 


Constituent. 1 2 3 4 is 6 vf 8 9 
Silica ut eee 75.35\61.47/58.67 |68.50/71.78| 68.24171.7071.98167. 45 
Alumina. 13.69/23.02|14.89 |17.02|14.75] 16.30/14.54115 7113.04 

erric oxide oN oc aac 1.37] 1.46] 1.97] 5.56 
Ferrousoride fa-|0 2-044 40) 80) |e 1.94) 2.13] 1.80] 0.82] 2.78 
amepeeres ec 2.97| 5.59| 5.68 | 4.00] 2.36] 3.20] 3.13] 2.46] 4.68 
Magnesia. 0.06|trace| 1.79 | 1.58| 0.71] 1.88] 0.39] 0.58) 2.65 

Suaahine dian 2.85] 1.22| 2.69 | 2.10] 4.89 
Spdattercuneadss 1.14| 4.09] 7.69 | 3.55] 3.12 + 6.30 6.06) 6.92) 3.57 
Waterloo aet ene ae OSTA 0.52| 0.24] 0.92] 0.20] 0.27 


1. Exeter, Tulare County, Calif.; Watertown Arsenal, analyst; Min. Res. 
U.S., 1903. 

2. Snake River, Nez Percés County, Idaho; W. C. Day, analyst; Min. 
Res. U.S., 1908. 
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3. Reno, Washoe County, Nevada; J. W. Phillips, analyst; 20th An. Rep. 
UPS pt. 6; pa4i6: 

4. Haines, Baker County, Oregon; Watertown Arsenal, analyst; Min. Res. 
U.S., 1903. 

5. Little Cottonwood Canyon, Utah; T. M. Drown, analyst; Reports — 
Fortieth Parallel Survey, vol. 2, p. 356. 

6. Medical Lake, Washington; R. W. Thatcher, analyst; vol. 2, Reports 

Washington Geol. Sur., p. 141. 

Snake River, Washington; ibid. 

. Little Spokane River, Washington; ibid. 

. Index, Washington; ibid. 


oan 


PHYSICAL PROPERTIES OF GRANITES. 


Density. — Data regarding the specific gravity and weight 
per cubic foot of granites are available in sufficient quantity to 
serve as bases for general conclusions. With regard to absorp- 
tion and porosity this is not the case, for here the methods of 
testing differ so widely that no general comparisons can be made. 


TABLE 25.—AVERAGE SPECIFIC GRAVITY AND WEIGHT 
OF GRANITES. 


Specific gravity. 


Weight per 
Results averaged. cubic foot, 
Minimum. | Average. | Maximum. average. 
12 New England granites....... 2.618 2.644 2.671 
17 Georgia granites............ 2.645 2.677 2.739 
14 Wisconsin granites.......... 2.629 2.655 2.713 
Final results, average.......... 2.618 2.659 2.739 165.92 


Compressive Strength of Granites. — In a preceding section 
it was noted that the variations in chemical analyses of granites 
seemed, at first sight, to be so great as to defy any attempt to 
generalize concerning normal composition; but that careful ex- 
amination showed that the difficulty was not insurmountable. 
The same things can be said, with equal truth, regarding the 
compressive strength of granites. 

In the table (Table 27) presented later, the results of com- 
pression tests on seventy-five American granites are tabulated. 
These present wide variations, the lowest test reported in the 
table showing only 5657 pounds per square inch, while the 
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highest result is 47,674 pounds. If we take the column of 
averages, however, it is soon found that these extreme results* 
do not fairly represent the situation. In the following table 
the tests are grouped into classes, according to average results. 


TABLE 26.— AVERAGE COMPRESSIVE STRENGTH OF 


GRANITES. 
Class. Number of tests. 
Belower 5 000Mbsspenesquarenn cher cast eee Zh 
Between 15;000rarnd 20;000 Mb ste eeiisetin ieee eee 16 
Between20000rand> 25,000 lbstammraareneee ee ener 30 
Betweene25,000fandes 0000s] b steer atettier tenet eer eer 12 
Over s0/000Mbs" persquaresin cheer are rete 10 
Total tests 75 


From this grouping it can be inferred that the average granite 
will fall within the third class of the above table. As a matter 
of fact, the arithmetical average of all of the seventy-five tests 
recorded in Table 27 is actually 23,228 pounds per square inch. 


* The low results are on schists and poor gneisses; the highest results are 
the remarkable tests reported by the Wisconsin Geological Survey. 
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‘TABLE 28.— TRANSVERSE STRENGTH OF GRANITES. 


Sl ce toe hag & g 
] a bo S S g I g 
State. Locality. Tested by “3 S g 2 A FI 
a = Q I - s 
$ x el 
Z 
Tne |) hae) in: 
AT kansas senna eos Watertown] 5 | 20] 4 | 6 |1067) 1400/1755 
California...... Exeter.....| Watertown]....| 20 | 4 | 6 ]|....| 1853].... 
Georgian: Stone Mt..| Watertown]....| 20 | 6 | 6 |....| 2610).... 
Maine ere Millbridge.| Watertown] 2 | 20 | 4 | 6 |2027| 2048|2069 
Massachusetts.|Cape Ann..| Watertown|....| 19 | 4 | 6 |....| 2392)... 
Wisconsin...... Montello..| Buckley...| 2] 4] 1 | 1 |3678) 3794/3910 
> Nor aon New Hill..} Buckley...| 2} 4] 1 1 |2324) 2519/2713 


TABLE 29.— PHYSICAL PROPERTIES OF ENGLISH 
GRANITES (Beare). 


piste Weight. Absorb. 
LACSaht hid nls GR hw RRM nega ae Matin Aa 2 2.65 165.4 0.12 16,490 
Cornwall Nae iv tc Sek ee et 2.59 161.7 aa 14,870 
Aberdeenshire: 
(Worennies saat ec eee 2.58 161.0 0.40 19,855 
COventer noe te ee ee 2.71 169.1 0.55 15,355 
Kemnay eae ee ee en 2.605 162.5 0.32 17,880 
Gy aie tors: ce cetacean ton eters Oe | ee oe | ee ke Pee 19,935 
Peterhead erceee ee ree 2.54 158.5 0.29 18,785 
VCE cea re ee Agere RN Ae gS 2.65 165.4 0.19 17,200 
lliofnare: ee oy eset ee a ee 255 159.1 0.40 21,160 
Sclatiien no at eae ee 2.58 161.0 0.10 13,230 
IRersley a anv ea tens eee oer 2.60 162.3 0.19 14,665 
Rubisla wee see ohn eee 2.623 163.7 0.09 18,575 
Beni@ruachane seer eee eee 2.75 171.6 0.29 13,640 


Geological Distribution of Granites. — Rocks of granitic type 
may have formed the greater proportion of the original crust of 
the earth, but it is improbable that any of these first-formed 
granites are now exposed at the surface. Granites and granitic 
gneisses, however, undoubtedly still make up the major portion 
of the pre-Cambrian rocks, so far as these rocks are now open to 
inspection. And in all of the geologic periods, from the pre- 
Cambrian to the Tertiary, masses of granite and allied rocks 
have been intruded into the existing formations. The result of 
this history is that, among the granites exposed at the surface 
to-day, almost every geologic age is represented in some part 
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of the world. When looked at in this broad fashion, little definite 
can be said regarding the geologic age of granites; but when the 
inquiry is limited to smaller areas the question of age admits 
of discussion. 

The area which supplies by far the bulk of American commer- 
cial granites, for example, is that located in New England. The 
southward extension of the same area along the Blue Ridge and 
Appalachian regions promises to become of greater industrial 
importance yearly. In both of these areas, a relatively small 
portion of the granites and gneisses quarried are of pre-Cambrian 
age. The bulk of the commercial granites is derived from masses 
intruded into pre-Cambrian or later rocks during the Silurian, 
Devonian and Carboniferous periods; and it seems probable 
that most of these intrusive granites date back only to the 
Carboniferous. 

In the western states a greater range in geologic age is shown, 
and here no general statement of value can be made, owing to 
the relatively small development of the granite industry. 

Granites do not occur in Ohio, West Virginia, Tennessee, 
Indiana, Illinois, Florida, Mississippi, Louisiana, Kansas, Iowa, 
Nebraska and North Dakota; they occur at only one or two 
localities in South Dakota and Kentucky; and in small areas 
only in Missouri, Arkansas, Texas and Oklahoma. In the 
remaining states rocks of granitic type cover considerable areas. 

Production of Granite in the United States. — The following 
tables, revised slightly from ‘those published by the United States 
Geological Survey, give statistics concerning the granite industry 
for a series of years. It is to be noted, however, that in these 
tables trap and other basic igneous rocks are included under 
the general head of ‘‘ granite’ in most states. 


TABLE 30:—GRANITE PRODUCTION OF THE UNITED 
STATES, 1899-1909. 


Year. Value. Year. Value. 
1899 $10,343,298 1905 $17,563,139 
1900 10,969,417 1906 18,562,806 
1901 14,266, 104 1907 18,064,708 
1902 16,083,475 1908 18,420,080 
1903 15,703,793 1909 19,581,597 
1904 17,191,479 1910 20,541,967 
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TABLE 31.—GRANITE PRODUCTION, BY STATES, 1905-1909. 


State or Territory. 1905. 1906. 1907. 1908. 1909. 
FATIZON Aer cee $3,700 $32,042; $13,700 $8,544 (2) 
AT Kansas sees 90,312 118,903 168,996 152,567; $150,179 
@alifomiape erect 1,161,330} 740,784) 1,306,324) 1,684,504) 1,310,520 
@oloradomeneeee 73,802 65,402 67,134 121,282 74,326 
Connecticut........ 636,364 974,024 591,153 592,904 610,514 
Delawarewseas. =... 178,428 146,346 158,192 195,761 456,328 
Georgide. sense eee 971,207 792,315] 858,603 970,832 843,542 
IS RNa le oe aatrut ten te. 33,550 23,346 19,599 81,219 68,955 
lid hOseeereracaser 1,500 400 25,942 a (2) 
Main ereaerrtseereee 2,713,795) 2,560,021} 2,146,420) 2,027,508) 1,939,524 
IMENT AMER oso goo ome 957,048 883,881] 1,183,753 762,442 771,224 
Massachusetts..... 2,251,319] 3,327,416] 2,328,777| 2,027,463] 2,164,619 
Michigan ashe fsa). teeius fall bvse ee citar lee tee aereal| ae ieee & 660.823 
Minnesota......... 481,908 626,069 546,603 629,427 ; 
IMISSOUrIaeeeeE sect 180,579 150,009 136,405 157,968 S577 
IMontanan sees ss 126,430 114,005 102,050 (4) (2) 
IN @SV 01 85 afew teooes is sos eae crew bets Hee ear cate | eae eae ene | cme a care (ne, ee 
New Hampshire.... 838,371 818,131 647,721 867,028) 1,215,461 
New Jersey........ 76,758 101,224 75,757 125,804 60,175 
News Miexi COs cece ace Rae eee lee ee es NG76294 | Sees ee a 
ING WaOr kine 134,425 304,048} 289,722 367,066 443,910 
North Carolina.... 564,578 778,847 889,976 764,272 743,876 
Oklahomane eae 20,720 18,847 24,550 23,239 67,584 
ORANG socngon ago 85,330 58,961 117,625 271,869 284,135 
Pennsylvania...... 450,619 349,453 366,679 324,241 507,814 
Rhode Island...... 556,364] 622,812 674,148 556,474 933,053 
South Carolina..... 297,284} 247,998 129,377 297 ,874 218,045 
South Dak otasseren.|See eee wena ees 690 KGa, Mets ae ome 
ROXAS Maye ets ore 132,193 168,061 122,158 190,055 173,271 
LURES ote eecsae geen Ofer 13,630 4,948 5,240 5,229] 7,525 
MERMONU ashe atc 2,571,850] 2,934,825) 2,693,889] 2,451,933] 2,811,744 
WAPRINIG Fe nce 452,390} 340,900 398,426} 321,530 488,250 
Washington........ 681,730 459,975 562,352 870,944 742,878 
Wisconsin.......... 825,625 798,213} 1,228,863} 1,529,781] 1,442,305 
NSO 2 tie or clon alle nen eis ae 600 90 q) Fite, Beara Es 
Other: States’: .8rc| se", Slee 5 [ery eee an ene re 40,320) ¢ 235,300 
Total........| 17,563,139) 18,562,806] 18,064,708] 18,420,080} 19,581,597 


a Included in ‘‘Other States.”’ 
6 Includes a small value for trap rock in Michigan and Minnesota. 
¢ Includes Arizona, Idaho, Montana, and New Mexico. 
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TABLE 32.— GRANITE PRODUCTION OF 1909, BY STATES 


State or Territory. 


Arkansas.......0. 55% 
Califorminnans..an 
Colorado. ca. tasce 


Maryland).......< sacs 


Minnesota........... 
Missouri...... eanLape 
New Hampshire..... 


INew! Yorle a. .<n.cce 
North Carolina...... 
Oklahoma: see sre 
Oregons fran ceeerests 
Pennsylvania........ 
Rhode Island....... 


Virginia 
Washington.......... 
WISCONSIN: 3. oe 0ece 2-1- 


AND USES. 
4 

Sold in the rough. Dressed | Made 

\ Dies ed for a into 

a1 as umental | paving 

Building.| Mom [Rubble.| Riprap.| Other. | PM&| “work. | blocks. 
$1 O00 ces. $9,522} $68,000)........ $799 S120 sce 
30,536} $39,579} 12,798} 109,847) $2,875) 432,551 97,978) $34,470 
15,267 28,451 4,950 18 1,200 24 OOO lene eS let ees 
25,097 35,867 5,342] 112,830 1,382} 274,501 66,538 8,698 
OS TOO larva neten ats 1,557| 280,488]........ DONS Te tee 9,084 
eae 28,174! 33,216) 59,245)... ... 120,270 2,693 93,300 
Bd OG | ecm ce teres ces tate cok ree essheeraee eines | Seavert oid takes ara oa extol im ecaecten ere eead cere ne 
237,597 31,375} 14,685] 14,090] 26,271) 1,152,677 39,704} 262,895 
120,561 8,471} 70,479 6,695 4,450} 114,002 2,675 93,742 
212,075} 508,805) 51,658 2,462} 17,752} 542,441; 298,235) 308,203 
43,659 76,636; 48,210 Eek obonss 144,997| 167,088 66,605 
4,093 AGT DO ie eec on Siro tel Remeneue 5,930 2,300 46,163 
143,757 70,018) 23,387 4,367 200} 521,299} 192,762} 170,434 
7,366 1,000 150 200 942 ,133 50 2,250 
35,399 1,864} 17,639 5,421 2,971 17,193 23,903} 250,070 
56,859 11,682 5,803 4 Nee aeryes 142,778 38,192} 214,508 
1,471 16,541} 13,050 SOU Boooaas 15,408 5690 eee 
6,996 DiAGO| eee eee sAllaaets wosrall erence 2,321 16,129 37,348 
306,466 10,400 SOU. creauseiee 1,950 905020) meee 15,840 
45,501} 176,565 TD 10 Mace e 73| 218,089} 314,237 52,004 
67,877 5,215} 19,680) 53,037 1,755 P000 Vee we 4,284 
29,530 S6j082 |e. 22,141 2,875 36,612 114004. Aevasee 
996 BOOB Ie racere ae Nake ee coot operetrn etl aise en ag RES IR ee ae 
128,233] 1,154,826 1,037 4,100 100) 1,035,075) 479,415 5,824 
24,965 1,966] 33,321 1 OSOlewe aaa: 17,750 9,449 18,053 
11,478 6,308} 423,230} 18,408]........ 17,185 19,902 66,544 
300 26,984 BOO chars, ae lak screen 5,154) 212,043) 982,798 
2,502 8,940 OOO) ee nettles 22,000 S000) ease 
1,612,135} 2,342,355) 797,395) 775,740] 64,796) 4,920,737| 2,005,637| 2,743,117 
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TABLE 32.— GRANITE PRODUCTION OF 1909, BY STATES 


AND USES. (Concluded.) 
| Crushed stone. 
State or Territory. | Curbing. | Flagging. Other. Total. 
Road- | Railroad 
making ballast. Concrete. 

ACOA ee cae karen | beaten tare nee oe eee ae eee (a) 
Arkansas..........-- S800 hectare $68,338 $150,179 
G@aliforniat, 2245-2. =|, 163,012 $375 262,077 1,310,520 
COLGTAGO ern acral eons re ce le Alcea on eee 74,326 
Connecticut......... 45,573 250 7,834 610,514 
Delaware ..sscesce- SiGOO eae tee ore 20,105 456,328 
Georgia. Feces ess - 318,957 240 16,405 843,542 
Fla wail scence chil x eee cee cepcoeres 40,855 68,955 
1G tare rear SANGO Arcee cel lA mers tenbllecet anaes (a) 
WEITO SS aterece aaeone 74,739 13,770 10,786 1,939,524 
Maryland facia tee 3,474 2,427 138,465 771,224 
Massachusetts 2,164,619 
Michigan............ (b) 
Minnesota........... © 660,823 
IMISSOUTI YS See. are. 155,717 
Montana (a) 
New Hampshir 1,215,461 
New Jersey..... 60,175 
New Mexico (a) 
New York a2 eo cates 2,600 BOyeOD) Wsseccerne oa 443,910 
North Carolina...... 98,153 1,233 44,617 28,151 SOU S66 Ong seen 743,876 
Oklahoma ..c.c28 65 2000 ASR aeons oie teene tants ctanietes 3,500 1,923 67,584 
Oregon aaa eas ln acne ne 3,004 206,372 1,025 ASO Sientmae on 284,135 
Pennsylvania........ 8,401 3,490 41,047 5,625 39,004 17,311 507,814 
Rhode Island........ DOSSIER omens 99,358 2,617 17,125 19 933,053 
South Carolina...... 3,554 125 10,672 15,827 32,834 2,185 218,045 
ROXAS ae eta ae ra tees 11000 |Seetesens B25S4 I anton. AT alive. os axevnre 173,271 
LORE dS eR aa te OPA SAGE AR |S rey erase anemones ekienG Laneeann ga edi lhwinra hy Sea vas 7,525 
Vermont... cess. 5 2 L319) "|b cee sate 765 1,000, ie ccmoue< 50 2,811,744 
Wirginide esc ahe 29,100 990 74,054 125,704 147,112 4,400 488,250 
Washington.......... 103574 |e ee ees S85 868 50 saints eect ey eee oe 14,381 742,878 
WISCONSIN: oscenee ene 3,048 16,875 E25 58385 ile eacteceies: 23,385 45,460 1,442,305 
Other States (a) ..... LS 100m ome chia: 13,608 LB Bt 8 BO eee cee 13,569 235,300 

Lotaler.e aioe: 1,030,568 47,230 | 1,488,711 | 660,632 914,667 177,877 | 19,581,597 


a Included in ‘‘ Other States.”’ 
6 A small value for trap rock included in Minnesota. 


c Includes a value of trap rock for Michigan and Minnesota. 


d “‘ Other States ’’ includes Arizona, Idaho, Montana, and New Mexico. 
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TABLE 33.— NUMBER AND VALUE OF GRANITE PAVING 
BLOCKS PRODUCED IN 1908 AND 1909, BY STATES 
AND TERRITORIES. 


Paving blocks. 
State or Territory. 1908. 1909. 
Number. Value. Number. Value. 

California wae ceca sare reere 1,657,600 | $66,079 817,500 | $34,470 
Connecticutevc ce mee eee 292,485 14,951 180,130 8,698 
Wella Wane ee eon. Crises anc Serer. 121,000 6,050 187,095 9,084 
MG CON CIa a eect CC oes 4,735,770 135,510 | 3,384,600 93,300 
INGINe eee ete inom ce 8,005,662 | 368,715 | 6,187,682 | 262,895 
(Mietry Land tee cecca cen 692,538 71,316 | 1,107,149 93,742 
Niassachusettsaun seme cienee 6,134,648 | 261,880 | 6,878,872 | 308,203 
IMunnesOtarGh pec. caec ue econ 532,750 35,750 974,000 66,605 
INDI SSOUTIM EET: cee Coss 1,826,742 75,320 | 1,150,914 46,163 
INew Hampshires...'-c0-6--=:- 2,842,206 103,833 | 4,997,161 170,434 
New: Jersey ar. gectanie ices 96,956 2,674 30,000 2,250 
ING wan Onk Sete erence races 1,573,777 98,273 | 3,571,997 | 250,070 
INGA (OBO. 6 on codecs cuoe 3,679,745 122,488 | 5,062,500 | 214,508 
OVEN AKoyaaVeh 5 ew Mnlores anion ease 5,900 AU A ies SRR Ooh Se haem ie An) 8 
Orecr ont seen Mey naan: 1,000,000 40,000 936,260 37,348 
Rennes ylvaniaeremeer i ata: ~ 529,037 23,628 374,171 15,840 
Riodesisland tase cer onrearr er 567,416 29,651 | 1,051,681 52,004 
Soutm@arolinasey ie eee 351,250 PIPL) 106,204 4,284 
IRE Xela Neer Fechner ene 6,000 SOQ Gr pee peed Alera ere 
WierimOnt ace tt chante cere 58,200 1,547 163,885 5,824 
Waliteal ay ey tects peter ankrlateetaccrsiGentenc 358,664 10,173 853,300 18,053 
Wiashingtonee ee pas eer 3,000 255 | 1,109,072 66,544 
WASCONS Ma ees oo at co ee oe 13,399,882 | 939,485 |18,798,977 | 982,798 

Obata ciaerets ae hart eee 48,471,228 | 2,420,555 |57,873,150 | 2,743,117 
Average price per thousand....]......... : AQTO A Te Silk 47 .40 
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TABLE 34. — PRODUCTION OF GRANITE IN VERMONT IN 
1908 AND 1909, BY COUNTIES AND USES. 


1908. 
Building. 
Number of 
County. firms re- Rough. Dressed. 
porting. ; 
Quantity Quantity 
(cubic feet).| le: | (cubic feet).| _ Value- 

Washington and Orange 39 15,896 $9,871 129,230 $429,967 
Windsorsss. ears ete 3 63,537 59,054 52,866 244,850 
Caledonia and Orlean 9 12,753 SIOOO wis secetscceratcrclte | eecte erent evetoters 
Wand hams 3 12,050 6,787 1,225 1,250 

Lotaleermere sean 54 104,236 79,711 173,321 676,067 
A VOTATE! Price POL:CUs, Lb so. io.\.ceoll een ee eae eee ae UGt mal oleae ee 3.90 

Monumental. Other 
Paving. pur- 
Rough. Dressed. eens a 
‘otal 
County. Q [ae value: 
uan- 
Quantity ye tity 
(cubic Value. ( bi Value. | (num- | Value. | Value. 
feet). eet). ber of 
° blocks). 

Washington and Orange} 1,094,619/$1,015,006| 164,706) $576,551! 50,400} $1,262) $14,443) $2,047,100 
Windsorees oe. ceccte ne 12,000 6;000) (ere es leaitece ees Rorghton Modo Ae al noeeaee 309,904 
Caledonia and Orleans .| 117,560 66,580 1,000 5 DOO mat eiotteeiace ee 2,175 77,754 
Windhamiees-reneeoaee 11,750 7,637 200 500 285 716 17,175 

Rotalecmsecrise/- 1,235,929] 1,095,223) 165,906] 582,051) 58,200] 1,547] 17,334) 2,451,933 
Average price per cu. ft.|......... 89) OF Sits JL I Re eat eA cre Paved one feats Ecce 
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TABLE 34.— PRODUCTION OF GRANITE IN VERMONT IN 
1908 AND 1909, BY COUNTIES AND USES (Concluded). 


County. 


Number of 
firms re- 
porting. 


Building. 


Dressed. 


Value. 


Quantity 
(cubic feet). 


Value. 


Won ee Tes *geisig }] 981,730 | $1,004,575 

Caledonia and Essex............ 10 17,285 500 500 
Wind harasq pet tet ee 3 ASSbO Cal ee oars eee eee 
@rleansiccee on Pires rae ees 3 5 Dee |e eae Seat onan ise ae 

Potaleres rots ahen chen ae 53 128,233 382,230 1,035,075 

Average price per cu. ft....... Pree AiO ig Samcnee abs 2.71 

Monumental. Oiher 
Paving. pur- 

Rough. poses, ee 

ota! 

County. aa, 

Quan- 
Quan- tity 
tity (cu-| Value. (num- | Value.| Value. 
bic feet). ber of 
blocks) 

Washington and Orange $2,297,910 
Windsor 1,210,696] $1,094,616 29,885| $897 |$8,161 { 424961 
Caledonia and Essex.....| 94,962 AA TSO. chante nl ac eae Slee ome tile esl wae 62,574 
Windham yasr ce asaece 233 233 134,000} 4,927} 110 10,070 
Orleanis:y Seenah At iainc 37,943 155138)" ae e400)) ee S16 | cree tee oe 100 16,229 
Totals. aesisnes ae: 1,343,834] 1,154,826 163,885| 5,824 8,371} 2,811,744 
Average price per cu. ft...]......... ESO Oren OO erential ects frees, ere inlenacaiell eeeveecte eters 
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References on Granites. — The following list contains the prin- 
cipal papers and reports dealing with granites and allied stones, 
chiefly from a commercial standpoint. For convenience of 
reference, the titles are arranged by states, in alphabetical order. 


Alabama: 
Watson, T. L. Granites of the southeastern Atlantic States. Bull. 426, 
U.S. Geol. Sur., 1910. Alabama granites on pp. 268, 269. 


Arkansas: 
Williams, J. F. The igneous rocks of Arkansas. Vol. II, Ann. Rep. 
Ark. Geol. Sur. for 1890, 457 pp. 1891. 
California: 
Anon. Granites of California. Bull. 38, Calif. State Mining Bureau, 
pp. 23-61. 1906. 
Connecticut: 
Dale, T. N. Granites of Connecticut. Bull... .,U.S. Geol. Sur. (in 
press, 1911). 
Georgia: 
Watson, T. L. Preliminary report on the granites of Georgia. Bull. 9, 
Georgia Geol. Sur., 8367 pp. 1902. 
Watson, T. L. Granites of the southeastern United States. Bull. 426, 
U.S. Geol. Sur., 1910. Georgia granites on pp. 206-267. 


Maine: 
Dale, T. N. The granites of Maine. Bull. 313, U. S. Geol. Sur., 
202 pp. 1907. 
Maryland: 


Grimsley, G. P. The granites of Cecil County, in northeastern Maryland. 
Jour. Cinn. Soc. Nat. Hist., Vol. XVII, pp. 59-67, 78-114. 1894. 
Keyes, C. R. The origin and relations of Central Maryland granites. 
15th Ann. Rep. U. 8. Geol. Sur., pp. 685-740. 1895. 
Mathews, E. B. Granites and gneisses of Maryland. Vol. II, Rep. Md. 
Geol. Sur., pp. 186-169. 1898. 
Watson, T. L. Granites of the southeastern United States. Bull. 426, 
U.S. Geol. Sur., 1910. Maryland granites on pp. 39-69. 
Williams, G. H. Granitic rocks in the middle Atlantic piedmont plateau. 
15th Ann. Rep. U.S. Geol. Sur., pp. 657-684. 1895. 
Massachusetts: 
Dale, T.N. The chief commercial granites of Massachusetts. Bull. 354, 
U.S. Geol. Sur., pp. 73-144. 1908. 
Minnesota: 
Winchell, N. H. The comparative strength of Minnesota and New 
England granites. 12th Ann. Rep. Minn. Geol. Sur., pp. 14-18. 
1884. 
Missouri: 
Buehler, H. A. Granites and rhyolites of Missouri. Rep. Mo. Geol. 
Sur., 2d series, Vol. II, pp. 60-85. 1904. 
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New Hampshire: 
Dale, T. N. The chief commercial granites of New Hampshire. Bull. 
354, U.S. Geol. Sur., pp. 144-188. 1908. 
New Jersey: 
Lewis, J. V. Building stones of New Jersey. Ann. Rep. State Geologist 
N.J. for 1908. Granite, pp. 62-81. 1909. 
New York: 
Eckel, E. C. The quarry industry in southeastern New York. 20th 
Ann. Rep. N. Y. State Geologist, pp..141-176. 1902. 
Smock, J.C. Building stones in the State of New York. Bull. 3, N. Y. 
State Museum, 152 pp. 1888. 
Smock, J. C. Building stone in New York. Bull. 10, N. Y. State 
Museum, 396 pp. 1890. 
North Carolina: 
Watson, T. L. Granites of the southeastern United States. Bull. 426, 
U.S. Geol. Sur., 1910. North Carolina, pp. 115-170. 
Rhode Island: 
Dale, T. N. The chief commercial granites of Rhode Island. Bull. 354, 
U.S. Geol. Sur., pp. 188-210. 1908. 
South Carolina: 
Watson, T. L. Granites of the southeastern United States. Bull. 426, 
U.S. Geol. Sur., 1910. South Carolina, pp. 172-205. 
South Dakota: 
Todd, J. E. The newly discovered rock at Sioux Falls, South Dakota. 
Am. Geologist, Vol. XX XIII, pp. 35-39. 1904. 


Texas: 
Burchard, E. F. Structural materials in the vicinity of Austin, Texas. 
Bull. 430, U.S. Geol. Sur., pp. 292-316. 
Vermont: 
Dale, T. N. The granites of Vermont. Bull. 404, U. S. Geol. Sur., 
138 pp. 1909. 
Finlay, G. I. The granite area of Barre, Vermont. Rep. Vt. State 
Geologist for 1901-1902, pp. 46-59. 1902. 
Perkins, G. H. Report on the marble, slate, and granite industries of 
Vermont, 68 pp. Rutland, 1898. 
Perkins, G. H. Granite (in Vermont). Rep. Vt. State Geologist for 
1899-1900, pp. 57-77. 1900. 
Virginia: 
Watson, T. L. Granites of the southeastern United States. Bull. 426, 
U.S. Geol. Sur., 1910. Virginia, pp. 70-115. 


Washington: 
Landes, H. The building and ornamental stones of Washington. Vol. 
II. Rep. Wash. Geol. Sur., 1903. Granites, pp. 32-47. 
Wisconsin: 
Buckley, E. R. Building and ornamental stones of Wisconsin. Bull. 4, 
Wis. Geol. Sur., 500 pp. 1898. 


CHAPTER IV. 
TRAP ROCK AND OTHER BASIC IGNEOUS STONES. 


Scope of Term. — The term trap rock is applied commercially 
to a series of basic igneous rocks which usually agree in being 
dark-colored, dense and fine-grained. With few exceptions, the 
commercial trap rocks are geologically classified as either basalt, 
diabase or gabbro. Occasionally, however, some of the finer- 
grained, dark-colored diorites are marketed as trap. 

For convenience, so as to avoid too violent a separation of 
geologically allied rocks, all of the more basic rocks will be treated 
together in the present chapter. The groups thus covered in- 
clude the diorites, gabbros, diabase and basalt, and the still more 
basic peridotites, pyroxenites and hornblendites. 

Occurrence of Trap Rocks. — The general modes of occurrence 
of igneous rocks have been discussed on pages 17-20 of this vol- 
ume, but in the present place it will be well to consider, in some- 
what greater detail, such phases of this matter as bear on the 
occurrence of trap rocks in particular. 

For our present purpose it is sufficiently exact to say that 
practically all of the basic igneous rocks which are of commercial 
importance will be found to occur in one of the following types 
of deposit: 

(1) In certain regions of pre-Cambrian rocks, both massive 
basic rocks and basic gneisses are found to cover considerable 
areas. Most of the traps of Wisconsin, Minnesota and Michigan 
are of this type; while many of the basic gneisses quarried in the 
eastern states are also from pre-Cambrian areas. 

(2) The bulk of the commercial trap rock, however, comes 
from deposits which are of more recent and more clearly recog- 
nizable origin. In Massachusetts, Connecticut, New York, 
New Jersey, Pennsylvania and Virginia the trap quarried is of 
Triassic age, and comes from intrusive sheets or surface flows. 
More rarely quarries of trap are established on dikes or in old 
voleanic necks. 
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Color. — Owing to their low silica content, and the prevalence 
of iron minerals, the basic igneous rocks are commonly dark 
colored. In the coarser-grained varieties of gabbro and diorite, 
the color effect may be mottled, the dark iron minerals being set 
off by feldspars which are lighter in tint, though in the basic rocks 
even the feldspars are commonly bluish or grayish. In the finer- 
grained diorites and gabbros, and in the basalts, diabases and ul- 
trabasic rocks the color is commonly almost uniform, and ranges 
from dark green or dark gray to almost black. 


Fig. 16.— Columnar structure of trap. (Photo by N. H. Darton.) 


The above notes apply to the colors shown by these rocks 
when fresh. As all the basic rocks are susceptible to weathering, 
old outcrops usually show very different colors from that of the 
fresh rock. On such weathered surfaces any feldspar which the 
rock may contain is usually a dull chalky white; while the iron- 
bearing minerals have taken on yellowish, reddish or brown 
tints. 

Mineral Constitution. — In none of the basic igneous rocks is 
quartz an important constituent; and in most of them it is either 
entirely or practically lacking. The feldspar of the basic rocks 
is usually plagioclase, and not orthoclase. When a mica is 
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present, it is commonly biotite, and not muscovite. All of the 
basic rocks contain either hornblende, pyroxene or olivine; and 
in some cases very large amounts of one or more of these very 
basic minerals. 

The proportions of the various minerals present in a number 
of specimens of diabase from New Jersey has been determined 
by Lewis with the results shown in the following table. For 
convenience of comparison, Lewis’ results have been renumbered, 
so as to correspond with the numbers given to the chemical 
analyses of the same specimens in Table 38 on a later page. 


TABLE 35. —MINERAL PROPORTIONS IN TRAP ROCKS. 


1 2 6 7 8 9 10 


Per cent| Per cent! 


Quartz eee oe eS 19 7 0 0 0 0 0 
Heldispaitenycecmexe sy ctestecrra et 44 42 20 38 37 30 26 
IMT ea ion, omen tater, Sew MeL ak pit ie 3 27 34 73 46 59 63 56 
Bi OUite eee eric te 3 0 1 1 0 0 1 
Ollie ey eee eae 0 0 4 13 1 5 16 
Miaonetite, etch oa2e. nee a 17 2 2 3 2 1 


Identification of Constituents. — Except in dealing with very 
coarse-grained types it will rarely be possible to identify the 
mineral constituents of a basic rock by merely examining it with 
the naked eye or even with a hand lens. In order to classify the 
rock correctly, either chemical analysis or microscopic investi- 
gation will be necessary, and frequently both will be required. 

Chemical Composition. — The rocks included in this group are 
all characteristically low in silica, and relatively high in iron 
oxide, magnesia, lime and alkalies. 

The following tables (Tables 36-40) contain analyses of a 
representative series of commercial trap rocks from various 
producing localities in the United States. With these have been 
included a few analyses of basic rocks from localities which have 
not yet entered the producing list, but which may reasonably be 
expected to do so in the near future. 
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TABLE 36.— ANALYSES OF TRAP: CONNECTICUT. 


1 2 3 4 

Sli can (si Os) metres © ya ees re 52.37 50.26 49.27 49.29 
‘AluminaacAl, Os)iameieen akin ee 15.06 15.16 15.87 15.97 
piatanicroxides((i@;) ee at ee Osi tease ton aye na al ee ee E 
Ferric oxide (Fe:O3)............... et 13.70 § 1,93 1.88 
Herrouscoxide: (eQO)) sess o* Ge as: 9.82 ‘ 110.17 10.23 
Manganous oxide (MnO).......... 0.32 0.48 0.35 0.40 
einen (Ca) ee ay weer eee tee oe 1.38 10.68 7.46 7.42 
Magnesia (MgO)......-........... 5.38 5.49 5.90 6.07 
RovasheCKsOy gr mene ote cee oe. 0.92 n.d. 0.71 0.69 
Sodan (Nan O)) Pern Ae ae eer * 4.04 n.d. 3.45 3.35 
Carbon eae er Aint) RSD oR Meh TaN Ue eee ie? Wout 
Water above 100° C. 

PE GRICE IONE oo 2.24 | 4.93 | 3.92 | 3.88 


1. Connecticut Trap Rock Quarries Company, Meriden; J. H. Pratt, 
analyst; 18th Ann. Rep. U.S. Geol. Sur., pt. 5. 

2. Cooke Trap Rock Company, Plainville; H. Souther, analyst; 20th Ann. 
Rep. U.S. Geol. Sur., pt. 6, p. 365. 

3, 4. Tidewater Trap Rock Company, East Haven; G. W. Hawes, analyst; 
Min. Res. U.S. for 1903. 


TABLE 37. — TRAP: MASSACHUSETTS AND MINNESOTA. 


1 2 3 4 5 6 

SUC Ane. aoc ere 52.59) 46.11) 50.43 35.83 48 .32 48.51 
ANIWIRTVINE YS te pene s seman 23.42) 17.20) 23.83 35.95 13.79 
IHlerricrOxXid emer 14.55) 12.07 48.45 

HenrousiOxXide on jcc oe - 4.87 Ue Ua Ce rok ot See: t 19.34 
BRINIG sagt nets re wt teers 9.05} 10.96) 4.79 9.35 12.05 8.34 
Magnesia............ 0.28) 4.24) 2.46 3.12 0.25 4.81 
IROUaS hee ein etl ois cel aateae 0.34 0.22 0.19 0.19 
SOU ape rr mire cco Al eve ral A 2.06 1.66 2.98 1.67 
Waiter apes se tasers dees AG.e 2 SHOO a eee eee eee nes Rely 


1. Monson, Hampden County, Mass.; Watertown Arsenal, analysts; 20th 
Ann. Rep. U.S. Geol. Sur., pt. 6, p. 405. 

2. West Roxbury, Suffolk County, Mass.; H. P. Williams, analyst; Min. 
Res. U.S. for 1903, pamphlet ed., p. 119. 

3. Duluth, St. Louis County, Minn. Dodge. Vol. I, Rep. Minn. Geol. 
Sur., p. 198. 

4. Taylor’s Falls, Chicago County, Minn. Dodge. Vol. I, Rep. Minn. 
Geol. Sur., p. 198. 
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5. Beaver Bay, Lake County, Minn. 


Sur., p. 198. 


Dodge. 


6. Tischer’s Creek, St. Louis County, Minn. 


Geol. Sur., p. 198. 


TABLE 38. — ANALYSES OF TRAP ROCKS: 


Dodge. 


Vol. I, Rep. Minn. Geol. 


Vol. I, Rep. Minn. 


NEW JERSEY.* 


1 2 3 4 5 6 7 8 9 10 11 12 13 
SiO, ..| 60.05} 51.34 /53.13) 51.88/50.40) 52.48 49.62, 51.14) 51.03) 49.02} 46.78 | 51.46) 50.34 
Al,O3..| 11.88} 12.71 |13.75| 14.53)15.60) 14.98] 10.51) 12.99) 11.92] 10.14) 14.33 | 13.98) 15.23 
Fe,O3.| 3.22) 2.65 | 1.07] 1.35] 3.65) 1.13) 0.64, 1.50) 1.52) 1.54) 5.76 2.66} 2.82 
FeO ..| 10.21} 14.14 | 9.10) 9.14] 6.30) 9.25) 12.02} 9.14) 10.85} 10.46) 9.27 8.92) 11.17 
MgO..| 0.85} 3.66 | 8.57| 7.78) 6.08) 7.75) 15.98} 11.58) 12.08) 17.25) 1.58 7.59} 5.81 
CaO ...| 4.76} 7.44 | 9.47|/ 9.98/10.41| 10.83} 7.86) 10.08] 9.22} 8.29) 5.26 | 10.49) 9.61 
Na,O..| 4.04) 2.43 | 2.30} 2.06) 2.57} 1.87; 1.40) 1.72) 1.50) 1.59 rah 4.75 (2.93 
K,O...| 2.10} 1.44 | 1.04) 0.93) 0.62) 0.43) 0.55} 0.52} 0.39) 0.40) 1.75 11.02 
H,O+.| 0.66 ot 0.90 0.97; 1.67; 0.23} 0.49) 0.59) 0.54) 0.59} 0.10 |...... 0.07 
2O—.| 0.21} 0.18 0.12} 1.02} 0.18} 0.38; 0.14) 0.17) 0.16) 0.38 |...... 0.19 
TiO,..| 1.74) 3.47 1.35) 1.35) 1.30) 1.01) 1.13} 0.93) 0.99) 1.44 1.06} 1.56 
205 0.52) 0.20 0.14) 0.16} 0.13) 0.16, 0.06) 0.08) 0.11} 0.36 0.17) 0.20 
MnO 0.28) 0.36 0.10) 0.06) 0.27; 0.09) 0.16) 0.15; 0.16) 0.25 |...... 0.14 
100.52)100.71 100.33)99.89) 100.83) 100.71, 100.75} 100.38}100.70|100.64 |101.08)101.09 
Sp. gr. | 2.872) 3.089 | 2.96} 2.98) 2.89) 3.110) 3.118) 3.051) 3.122) 3.152)........]...... 2.968 

14 15 16 17 18 19 20 21 22 
50.19 | 51.09 | 51.77 | 51.82 | 51.84) 51.36 | 49.68 | 49.17 | 49.71 
14.65 | 14.23 | 14.59 | 14.18] 15.11 16.25 | 14.02 | 13.80 | 13.66 
3.41 2.56 3.62 0.57 1.78 2.14 4.97 4.90 5.49 
6.96 7.74 6.90 9.07 8.31 8.24 9.52 | 10.61 9.51 
7.95 7.56 7.18 8.39 7.27 eel 5.80 5.04 6.13 
9.33 | 10.35 7.79 8.60 | 10.47 |} 10.27 6.50 9.87 5.85 
2.64 1.92 3.92 2.79 1.87 1.54 3.49 2.21 4.51 
0.75 0.42 0.64 1.26 0.34 1.06 1.41 0.54 0.37 
2.38 1.01 1.85 1.40 1.33 1.33 1.89 0.73 2.66 
0.66 1.66 0.46 0.30 05960) sfoesen er 0.54 1.04 0.48 
1.13 1.30 1.13 17, Ps ene api 1.39 1.50 1.53 
0.18 0.16 0.18 0.17 ONS | peeeysan 0.21 0.24 0.10 
0.07 0.25 0.05 0.18 0.09 0.09 0.18 0.07 0.13 
100.30 | 100.25 | 100.08 | 99.85 | 10.32 | 100.28 | 99.60 | 99.75 | 100.13 
(3) Oh aah Jababense eee 2.92 2.936) 2.91 2.95 ZO SN levers: 2.949) 2.997) 2.91 


* Ann. Rep. N. J. State Geol. for 1907, pp. 120 et seq. contain analyses 1-22 of this table. 


1. Quartz diabase, Penn. R. R. tunnel, Homestead; R. B. Gage, analyst. 
2. Quartz diabase, Penn. R. R. cut, near Marion Station, Jersey City; 


R. B. Gage, analyst. 


3. Diabase, Railroad cut, Jersey City; G. W. Hawes, analyst. 
4. Diabase, Penn. R. R. tunnels, Weehawken; R. B. Gage, analyst. 
5. Diabase, N. Y., Susquehanna & Western R. R. tunnel; R. B. Gage, 


analyst. 


6. Diabase, road to West Shore Ferry, Weehawken; R. B. Gage, analyst. 
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7. Olivine diabase, second road to West Shore Ferry, Weehawken; 


8, 9. 
10. 


R. B. Gage, analyst. 
Diabase, Englewood Cliffs; R. B. Gage, analyst. 
Olivine diabase, Englewood Cliffs; R. B. Gage, analyst. 


11, 12, 13. Diabase, quarry near Rocky Hill station; A. H. Phillips, 


14. 
15. 
16. 
iN 


18. 
19: 


20. 


Pale 
22. 


analyst. 

Hartshorn’s quarry, near Springfield and Short Hills, lower “ gray ”’ 
layer; R. B. Gage, analyst. 

Same locality, middle “‘ black ” layer; R. B. Gage, analyst. 

Same locality, upper ‘‘ gray ’’ layer; R. B. Gage, analyst. 

Hatfield & Weldon’s quarry, Scotch Plains, lower ‘gray ”’ layer; 
R. B. Gage, analyst. 

Same locality, “ black ”’ rock above; R. B. Gage, analyst. 

O’Rourke’s quarry, West Orange. Large columns near the bottom. 
(Bull. U.S. Geol. Sur., No. 150, p. 255); L. G. Eakins, analyst. 

Morris County Crushed Stone Co’s. quarry, Millington, lower 
“oray ” layer; R. B. Gage, analyst. 

Same locality, middle “ black ”’ layer; R. B. Gage, analyst. 

Same locality, upper ‘‘ gray ”’ layer; R. B. Gage, analyst. 


The following table contains a number of less complete com- 
mercial analyses of trap rock from various localities n New Jersey. 


TABLE 38A.— TRAP: NEW JERSEY. 


23 24 25 26 27 


SiliGare eee een eho inte: 50.81 50.61 49 .20 50.03 51.20 
OAV IMAIN A e sees sy, 745) 18.34 14.50 18.20 20.88 
Ferric oxide 

eh ate eye, oh 14,66.) 13.01 | 17201 | 16.81.) 11.12 
hirer et ee 10.96 7.01 7.50 11.10 12850) 
IMaomesiae cs. yor nd saci. 6.97 6.73 6.30 1.02 2.17 
OUash ee ed Crane ia. i 7al 1.08 

Racial ie ors. 0.76 1604 1.69 1.03 1.03 
Water amt eee electoral 0.88 172 3.80 1.81 1.10 

23. Little Falls, Passaic County; W. C. Day, analyst; 20th Ann. Rep. 


26. 


27. 


U.S. Geol. Sur., pt. 6, p. 419. 


. Mine Brook, Somerset County; T. B. Stillman, analyst; 20th Ann. 


Rep. U.S. Geol. Sur., pt. 6, p. 419. 


. Millington, Morris County; T. B. Stillman, analyst; 20th Ann. Rep. 


U.S. Geol. Sur., pt. 6, p. 419. 

Millington, Morris County; T. B. Stillman, analyst; 20th Ann. Rep. 
U.S. Geol. Sur., pt. 6, p. 419. 

Millington, Morris County; T. B. Stillman, analyst; 20th Ann. Rep. 
U.S. Geol. Sur., pt. 6, p. 419. 
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TABLE 39. — ANALYSES OF GABBRO: NEW YORK. 


1 2 
STN GAR (SIOs Ope avy eetrtais tee ee hiss tee eee ees 54.72 55.34 
YN yiaaviats ag Os UO PN A5 9 ce Maer Gtk mbes Heapere Sein mie enc 17.79 16.37 
Merrie Oxteder (Mes Oa)ey ticces pice chimed ee a ecete eae: 2.08 0.77 
iHerroustoxidea(he@) her as saan eerie ae ee 6.03 7.54 
ime (CaO) pee ser ere ke kei ee sare 6.84 Heol 
Macnesian (Vie @))aya- he te ee ee seiner eee 5.85 5.05 
OLAS Css Ol) wens cere eran Soe Acre ce ctep teroe ee SHOn 2.03 
Sodan(Nas ©) ieee paren eaten acne tency arena 3.02 4.06 
VVC re em ey 4c PRT, Sor fo oe eal ee ge ERE 0.58 


1. Quaker Bridge, N. Y.; H. T. Vulte, analyst; ‘‘ Handbook of Rocks,” 3d 


ed., p. 72. 


2. Montrose, N. Y.; Dunn, analyst; ‘‘ Handbook of Rocks,” 3d ed., p. 72. 


TABLE 40.— ANALYSES OF TRAP ROCK: PENNSYLVANIA 
AND VIRGINIA. 
1 7 3 4 5 6 i 
Rilicate Soak) tena 46.87| 52.65 | 45.731 47.87| 52.06] 51.31] 50.88 
icin oa ee 13.36] 17.02 | 13.48] 14.43] 13.67| 13.64] 13.17 
Parisien ae 9.79| 4.61 | 11.60] 11.55] 15.97; 0.52| 1.11 
Herrous OxIdeG...2 4) 4). Piet Ale ie iedierd BPN are Ld row Se he eae toae, 2) pega ee 28.) 
Tea Caen Cane 14.70! 6.35 | 9.99] 10.45] 8.15] 12.41] 10.19 
Magnesia; 0. tee 4.35] 2.87 | 15.40] 10.58] 5.01| 12.73] 13.05 
Porshe, eae 201 - 2 0.471 0.61; 0.861 0.321 0.31 
Soda ek eta she 464 3.24, 3.47/ 3.36, 1.40| 1.17 
ALDOM G@1OXIC. eC sues ee ile eee 
Peers meer er ese O103" (Oc o4iedrso) anos 0.14 


1. Birdsboro, Berks County, Pa.; H. Fleck, analyst; 20th Ann. Rep. U. S. 


Geol. Sur., pt. 6, p. 435. 


2. Rushland, Bucks Co., Pa.; Lathbury & Spackman, Analysts; Min. Res. 


U.S., 1903, p. 155. 


3-5. Chatham, Pittsylvania County, Va.; T. L. Watson, analyst; Min. Res. 


of Virginia, 1907, p. 37. 


6-7. North of Rapidan Station, Va.; T. L. Watson, analyst ; Min. Res. of 


Virginia, 1907, p. 39. 


Physical Properties. — Since the basic rocks are not ordina- 
rily attractive in color, there is little reason to quarry them unless 
they are entirely sound from a structural point of view. Com- 
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paratively few tests of the physical properties of basic stone are 
on record, but from those available it is obvious that in both 
strength and density they outrank the granites and other acid 
rocks. 


TABLE 41.— PHYSICAL PROPERTIES OF AMERICAN TRAP 


ROCKS. 
BA Compressive 
2 3,| BS | strength, pounds per 
P SoS) || eae) square inch. 
State. Location. Tested by Sele 
& 8 | -g.o 

8) '3| Min. | Aver. | Max. 

Connecticut eAessem.cs ste ae New Haven....| Gillmore....... 2.60: |162.5)....... 9.500)..... 
New Haven....| Hawes......... DERG nl eaters cee ence secret ste frat eee eetene 
Meriden seman ice wil tinea eee SOON elt acces ol ace, ate tiaras 
MAING Aer erste ayia) ete | eee Ne teray Watertown 2.0 lire (steer 14,161) 18.801/21.035 
Massachusetts.............. West; Roxburvarliccncs sees arenes Bal Own niece: arsed bse aetllcuso woes 
Minnesota. -aecs.osre anes Dualithy. +... Gallmoress.. 4 ROPES SIN anaes 27200 eek ae 
Duluth eens Gullmoreny.. 25: ESO LTO OWee wees. 17681 os 
Tischer’s Creek | Gillmore....... Bos OOD | erate iar tese rel eye oe tous | tein 
Taylor’s Falls. .| Gillmore....... S000 TST Dinos 26.250 nocme 
Beaver Bay....| Gillmore....... 2.704|169.0}....... 208700 eure 
IN@w: JOUS@Y nana tacts Jersey City..... Gillmore....... TOSm LSORO tenes DATE NO oe aa on 
Jersey City..... Hawes......... DOB Al eeceyileesmeriell cent Ihavgos 
Pompton: ).....: Gilmore eeeree oe aleeeraeeeores 24.040)...... 
News ork... ccaiwessseaen Cortland Point.|J.S. Newberry.|.....|....-|...... 2OP250 wees 
Quaker Bridge jie. ene ine hens 2.928) 55 a3]. os Re Seer kae CRee rie 
Pennsylvania ......;.-..... Rush land acne |taae: creer ace DROOMILOEA ee iad | s eraun etal lasetyece 
Wireimage te eters fescionteer asec Chatham.......|Watson....... { acne WE Aises Sa litns sa ae ate 
Goose Creek.,.\\| Watertown nncy|iaccnlo nel nents 23,000)... .-.. 
Rapidan.. ...... Watsonirace-.- SS NOOD' erate Cyeetcveas dultanseom iced Ries 


Uses of Trap Rock. — The basic igneous rocks included in this 
group could of course be used as building stone, or for any of the 
other structural uses to which granites are applied, but as a mat- 
ter of fact they are rarely so used. This lack of use for these 
purposes is due in part to the dark and somber colors usually 
characteristic of the basic stones; and also, in part, to their 
great toughness and the consequent difficulty and expense of 
dressing them for structural uses. Added to these disadvan- 
tages is the tendency, shown by many of the denser basic rocks, 
to break on blasting into masses whose size and shape render 
them unfit for use as dimension stone. 

On the other hand, the very features which render the traps 
generally unserviceable for structural purposes are of advantage 
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for other uses. In consequence, trap rock and allied stones are 
largely used as paving blocks and, in the form of crushed stone, 
as road metal, railway ballast and concrete aggregate. For all 
of these purposes darkness of color is of no disadvantage, while 
density, strength and toughness are of direct service. 

Production of Trap Rock in the United States. — Complete 
statistics covering the trap-rock production of the entire United 
States are unfortunately not available. This condition is due 
to the fact that in the statistical reports on the stone industry 
published annually by the United States Geological Survey the 
production of trap is, in most of the states, included with that of 
granite. 

The trap-rock production of the six most important producing 
states is, however, reported separately by the Geological Survey, 
and these partial statistics are quoted in the series of tables which 
follow. 


TABLE 42.— TRAP-ROCK PRODUCTION OF THE UNITED 
STATES, 1899-1909. 


Year. Value. Year. Value. 
1899 $1,275,041 1905 $3,074,554 
1900 1,706,200 1906 3,736,571 
1901 1,710,857 1907 4,594,103 
1902 2,181,157 1908 4,282, 406 
1903 2,732,294 1909 5,133,842 
1904 2,823,546 1910 ; 6,452,121 


The totals given in the preceding table, as in those which 
follow, cover the production of trap rock in the states of Cali- 
fornia, Connecticut, Massachusetts, New Jersey, New York and 
Pennsylvania only. In addition to this, trap rock is quarried 
more or less steadily in Maine, Minnesota, Virginia, Oregon and 
Washington, but no exact data on the output of these states are 
available. 
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TABLE 43. — TRAP-ROCK PRODUCTION BY STATES AND 
USES, 1908-1909. 


1908. 
Crushed stone. 
State. Building.| Paving. ory aa FS Other. Total. 
making. ballast. DION, 
California Bae $722|/$114,996) $423 ,798|$148, 154) $285,380|$6,089) $979,139 
Connecticut....| 7,594 8,125) 199,540} 100,000} 152,950) 5,010) 473,219 
Massachusetts.| 12,235)........ 348,108) 30,695) 117,134) 500) 508,672 
New Jersey.... 11,399) 58,169) 578,570) 182,355 235 ,967)13,054/1,079,514 
New York.....|....-.. 1.0 ......| 867,908| 20,580] 107,234/28,231| 723,953 
Pennsylvania ..| 8,593| 2,835] 195,769) 201,091] 106,987) 2.634} 517,909 
Total......| 40,543) 184,125|2,313,693| 682,875|1,005,652/55,51814,282, 406 
1909. 
Crushed stone. 
State. ae Paving. Peale Other. Total. 
- ee oe Concrete. 
California... .| $900/$129,764| $799,846 /$71,108| $361,255|$108,2121$1,471,085 
Connecticut... .| 6,827| 2,720] 292,451) 28905} 33,369|  3,383/ 367,655 
Massachusetts.|/13,250)........ 337,839] 75,031} 247,382)........ 673,502 
New Jersey...| 1,496} 92,379] 664,571/138,134| 232,262] 11,729] 1,140,571 
New Vor) fee bay 662,448] 27,6201 70,708)........ 760,776 
Pennsylvania. ./11,056| 1,800] 281,467|259,241] 165,449) 1,240] 720,253 
otal. 33,529] 226,663/3,038 622/600,039}1,110,425) 124,564} 5,133,842 


TABLE 44. — PRODUCTION AND 


BLOCKS, 1908-1909. 


VALUE OF TRAP PAVING 


Paving blocks. 


State. 1908. 1909. 
Number. Value. Number. Value. 
@aifOrmilate naa aatraas a0 ees 2,765,587) $114,996] 3,060,078) $129,764 
@onnecticliareew mera tee 232,160 8,125 ,590 2,720 
ING WEDCISC Vase ae eta oe ees 1,665,983 58,169] 2,105,720 92,379 
Renn sy Aanlareemne isa meet 63,000 2,835 50,000 1,800 
HO talent were cn ers ices oe 4,726,730) 184,125) 5,296,388) 226,663 
Average price per thousand........]......... Boils se6doooe 42.80 
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List of References on Trap Rock.— The following list con- 
tains the titles of a number of papers and reports dealing in one 
way or another with this subject. Many of the papers cited are 
primarily geological in their nature, and the list could have been 
greatly extended had more of this type been included. 


California: 
Anon. Trap rock in California. Bull. 38, Calif. State Mining Bureau, 
pp. 56-61, 154-164. 1906. 
Connecticut: 
Davis, W. M. The quarries in the lava beds at Meriden, Connecticut. 
Amer. Jour. Science, 4th series, Vol. I, pp. 1-18. 1896. 
Davis, W. M. The Triassic formations of Connecticut. 18th Ann. Rep. 
U.S. Geol. Sur., pt. 2, pp. 9-192. 1898. 
Georgia: 
McCallie, S. W. Roads and road-building materials of Georgia. Bull. 8, 
Georgia Geol. Sur., 1901. 
New Jersey: 
Lewis, J. V. The origin and relations of the Newark rocks. Ann. Rep. 
State Geol. N. J. for 1906, pp. 99-1380. 1907. 
Lewis, J. V. Properties of trap rocks for road construction. Ann. Rep. 
State Geol. N. J. for 1906, pp. 165-172. 1907. 
Lewis, J. V. Petrography of the Newark igneous rocks of New Jersey. 
Ann. Rep. State Geol. N. J. for 1907, pp. 97-168. 1908. 
Lewis, J. V. Building stones of New Jersey. Ann. Rep. StL Geol. 
N. J. for 1908, pp. 81-83, trap. 1909. 
New York: 
Eckel, E. C. The quarry industry in southeastern New York. 20th 
Ann. Rep. N. Y. State Museum, pp. 141-176. 1902. 
Newberry, 8. B. Kersantite — a new building stone. School of Mines 
Quarterly, Vol. VIII, pp. 330-3833. 1887. 
Smock, J.C. Building Stone in New York. Bulletins 3 and 10, N. Y. 
State Museum. 
Virginia: 
Watson, T, L, Mineral Resources of Virginia, 1907, pp. 36-41, trap. 


CHAPTER V. 
SERPENTINE AND SOAPSTONE. 


Relation of Serpentine and Soapstone. — Two classes of rocks 
— serpentines and soapstones — will, for convenience, be con- 
sidered together in the present chapter. The two classes have, 
in fact, many points of resemblance so far as origin and character 
are concerned; though industrially they are often applied to 
widely different uses. 

Both serpentine and soapstone are hydrous magnesian silicates; 
and both have originated through the hydration of basic silicate 
rocks or minerals. Neither serpentine nor soapstone is there- 
fore directly igneous in origin, but rather a secondary result of 
the alteration of an igneous (or metamorphic) rock or mineral. 
Their close relationship chemically, as well as their principal 
points of difference, are well brought out when their analyses * 
are compared, as below. 


Silica. Magnesia. Water. 

Per cent. Per cent. Per cent. 

SeLPEnt ING eee es eh eee 44.14 42.97 12.89 
Soapstone; (tal@)ss aa. ae 62.00 33.10 4.90 


On comparison of these analyses it will be seen that both of the 
rocks under consideration are, when theoretically pure, hydrous 
silicates of magnesia; and that they differ only in the relative 
proportions of their three essential constituents — silica, mag- 
nesia and combined water. 

In the following sections of this chapter, the origin and charac- 
ters of serpentine will first be discussed, after which a brief con- 
sideration will be given to the soapstones and allied products. 


SERPENTINE. 
Serpentine, Ophicalcite, and Ophimagnesite.— The term ser- 
pentine is applied to a series of soft greenish rocks composed 
largely or entirely of the mineral serpentine, which, in turn, is a 


* Quoted from Kemp’s “‘ Handbook of Rocks,” 3d ed., pp. 140, 141. 
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hydrous silicate of magnesia. The term ophicalcite is applied 
to crystalline marbles containing disseminated seams, streaks, 
or masses of the mineral serpentine. The term ophimagnesite, 
used in this volume for the first time, is suggested to cover the 
common but rarely recognized phase in which the rock is crys- 
talline magnesite, containing disseminated serpentine. 

Origin of Serpentines. — Though serpentine is not strictly 
speaking an igneous rock most large serpentine deposits have 
been derived from the alteration in place of basic igneous rocks. 
A few deposits (including the ophicalcites) owe their origin to a 
less direct process, involving the metamorphism and crystalliza- 
tion of an impure limestone, and the subsequent alteration of the 
magnesian silicate minerals developed in the crystalline marble. 
These two methods of origin, which differ somewhat in results as 
well as in process, will be briefly described below; while, for a 
more complete discussion of the subject reference should be made 
to the papers cited in the list on page 87, and particularly to 
those by F. J. H. Merrill and G. P. Merrill. 

(1) Though other methods of origin have at times been sug- 
gested, it may be taken as proven that the bulk of the larger and 
purer deposits of serpentine everywhere have originated from the 
alteration (hydration) of basic igneous rocks, rich in magnesian. 
silicate minerals. The particular minerals which appear to be 
the commonest source of serpentine are olivine, pyroxene, and 
hornblende. 

All of the minerals named are more or less basic silicates of 
magnesia and iron. When subjected to surface weathering, or 
to the continued action of waters at or near the surface, they 
are decomposed with the formation of hydrated magnesium sili- 
cates and iron oxide. Among the hydrated silicates so formed, 
serpentine is commonly the most abundant. 

(2) A second class of serpentine deposits, much less common 
though still of considerable commercial importance, originate in 
a way differing slightly in detail from that last discussed. This 
class includes the ophicalcites, in which serpentine masses, seams, 
or stringers are scattered through a ground mass of crystalline 
marble. In this case, the process of origin appears to have in- 
cluded several steps. In the first place, an impure limestone, 
carrying considerable silica, was metamorphosed so as to become 
thoroughly crystalline. During this change, the impurities of 
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the limestone, with possibly some additional matter from other 
sources, crystallized out separately in the form of various sili- 
cate minerals; so that the result of the metamorphism was the 
production of a crystalline marble through which were scattered 
crystals of hornblende, pyroxene and other silicate minerals. 
Later, these silicates were hydrated to serpentine, so that an 
ophicalcite was produced. 

Chemical Composition of Serpentine. — Though the chemical 
composition of the mineral serpentine is definite enough, wide 
variations in composition are shown by stones which are grouped 
commercially under the same name. 

The two tables which follow contain a number of analyses of 
normal serpentines, of ophicalcites and of ophimagnesites from 
various American localities. 


TABLE 45. — ANALYSES OF SERPENTINES. 


Veen gaa ees laze gsi o ft 40 ted 

ET EAN GCE Gig eae 39.48] 34.84|28.80143.87 |40.06/40.39/43.72 /45.02/41.55/42.60/43.30 
Alumina (Al,O3)... 1 -..... Jens 0.42| 5.54| 0.31| 1.37| 1.01|16.86 | 3.35|.....|.....|..... 
pean re ee A hateraitielltees mete esate a aalraraal ee 3.02) 6.22 ee Brea eget 

erric oxide e 2 BU Oe eens) Wea | Women mes eat eave aie Ph i! | Vectors | (On cl er 
Ferrous oxide (FeO) } tists 20.18] { $s] 495] 7.47 | sal oor fe 8.30] 5.32 
Coc KOO na onoianoee pies 0 Fea £20)" ore Pee ale a Pew ealne 
sme bE) a) NOS ee terete cieheis Dereh Gal perenne A call bsakacaven Beis Ble) he esos Ad dd) pstac arn atans tale! TOU ist asese 
Macnosia (MeO).;.... cnc. 37.74| 30.74|34.41|38.62 |39.02|38.32| 23.78)37.75/40.15|35.50(39.55 
Po tashn (KO) ie east eran lnsetae (0/4 |Rarmae lomaees lorace loeee lo 30 { Stil enna fears a || nen 
ited Na) tea : BSE Gree Aloe (OV42 ee ae coil ualae y Allene asl seeee | hoesc 

AT ODOUIGTOSIGO We Cia ive cielaracate=a)|ienece es Sep te aL Reeth, fate cer oNiateaden cee bce att Sica etatns tea co ft cae ae aN toe a 
Water a ae ane 149 | 17-39|20.75] 19 “ss lia iolia 88] 11 0118.01 (13. 70113 0011170 


* Nickel oxide, NiO, 0.71. t+ Nickel oxide, 0.23. 


1. Auburn, Placer County, Calif.; B.S. Stone, analyst; Min. Res. U. S. 
1908. 

2. Monte Diablo, Calif.; Kemp’s “‘ Handbook of Rocks,” 3d ed., p. 140. 

3. Holly Springs, Cherokee County, Ga.; Mariner and Hoskins, analysts; 
letter to author, 1904. 

4. Webster, N. C.; F. A. Genth, analyst; Kemp’s ‘‘ Handbook of Rocks,” 
p. 140. 

5, 6. Broad Creek, Harford County, Md.; F. A. Genth, analyst; Vol. II, 
Rept. Md. Geol. Sur., p. 195. 

7. Near Silver City, New Mexico; Merrill, “Stone for Building and Deco- 
ration,” p. 366. 

8. Lancaster County, Pa.; F. A. Genth, analyst; ‘“‘ Mineralogy of Pennsyl- 
vania,” p. 116. 

9. Easton, Pa.; F. A. Genth, analyst; ‘‘ Mineralogy of Pennsylvania,” 
p. 116. 

10. Roxbury, Vt.; Geology of Vermont, Vol. II, p. 779. 

11. Cavendish, Vt.; Geology of Vermont, Vol. II, 779. 
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Regarding the analyses presented in the foregoing table 
(Table 45), it may be noted that analysis No. 1 is difficult to 
understand, even after allowing for the fact that the chemist 
reported it on a practically water-free basis. Analysis No. 3, 
of serpentine from Holly Springs, Georgia, was probably made on 
a badly selected sample, containing much more lime carbonate 
than is ordinarily carried by the stone from that quarry, which 
is really a very good serpentine and not an ophicalcite, as might 
be inferred from the analysis published. 

In the following table are presented the results of analyses of 
serpentines and allied products from the state of Washington. 
This group of analyses is of peculiar interest both geologically 
and chemically, a fact which apparently escaped attention in its 
first publication. For convenience, the analyses have been 
arranged in an order which brings out the peculiarities of these 
Washington rocks, all of which were originally described as mar- 
bles. It will be seen that No. 1 is a true serpentine; that Nos. 
2, 3, 4 and 5 are serpentinous limestones (ophicalcites or ophi- 
dolomites) ; that Nos. 6 and 7 are very pure magnesites; and that 
Nos. 8 and 9 are serpentinous magnesites or ophimagnesites. 


TABLE 46.— ANALYSES OF SERPENTINES AND ALLIED 
ROCKS, WASHINGTON STATE. 

1 Irae 2 3 4 5 6 if 8 9 
IMC AMR eee ke se 38 .47||40.35/27 .93)/27 .11)18.18]| 0.89] 5.79)/15.30)13.08 
ATUMIN aa as ase nee OF1G|| Stee PaESVA ALTO een osc 0.48]| 3.00) 1.63 
INSaO Oren easnn gas 255) PAA Pell (aZeAll 8s - 0.85|| 3.32) 1.25 
Ferrous oxide....... in LEGG 2238! SO ees NOROS inne. tr. | 0.19 
[bbantch nee? we ees cam eal td 11.85/13 .05|/23 .68/24.74)|..... LOONIE Aer 0.33 
Meaonesiane ree eer 39 .86||22 07/27 .74)15 .45)16.10]|45. 76/42 .07||52.89/56.44 
Carbon dioxide..... 4 .84)|17 .22)11 .33)19 30/38. 18}|49 24/47 .23)| 1.27) 2.03 
Wiaterss tate ie eas 14.63]| 6.85|13.17) 8.32) 0.74]| 3.58) 1.94|/24.22/24.79 


Of the above analyses, Nos. 1 to 8 inclusive were made by 
R. W. Thatcher; No.8 is by George Steiger. All are quoted from 
Vol. II, Reports Washington State Geological Survey, pages 91 
and 141. The localities are as follows: 


1, 2. North American Marble Company, Valley, Stevens County. 
3. Spokane Marble Company, Milan. 

4. Pacific Coast Marble Company, Valley. 

5. Washington State Marble Company, Valley. 

6, 7, 8, 9. United States Marble Company, Valley. 
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Defects of Serpentine. — Though serpentine is of quite common 
occurrence in the regions of metamorphic and igneous rocks, work- 
able deposits are rare, owing to certain defects which are apt to 
occur in this stone. These defects are directly traceable to the 
method by which serpentine has been formed, and therefore can- 
not be avoided or remedied by the quarryman. The principal 
common defect is that the mass of serpentine is so cut up by 
cracks and joints that no good-sized blocks can be obtained. 
The other frequent defect is that the serpentine is apt to contain 
little hard crystals of pyrite, chromite or magnetite. These inter- 
fere with the production of polished slabs for interior decoration, 
while the pyrite has the further evil effect of decomposing on 
exposure to the atmosphere and leaving a yellow-brown blotch 
of iron oxide. 

Physical Properties of Serpentines. — Because of the structure 
of serpentines, the results of physical tests are of even less value 
than with other structural stones. There is no difficulty in 
getting out a small cube of serpentine which will show good 
results in the testing machine; but that is about as far as the 
matter goes. 

In Table 48 the results of a number of tests of American ser- 
pentines of all types are quoted. For convenience, these have 
been averaged and compared, in the table immediately following 
this paragraph, with certain German tests reported by Krier. 


TABLE 47. — AVERAGE PHYSICAL PROPERTIES OF SER- 


PENTINES. 
Weight i 
Specific gravity. per cu. ee ee a 
mist | Agee | Mi | Ae | A | avec | ati, 
| 
American tests......| 2.545} 2.727| 2.908] 170.2] 8.950/ 11.287 | 14.820 
German tests....... 2.560 2.727| 2.894) 170.2|...... LOGO Ele eee 


The close coincidence in results of the two series of tests is an 
interesting accident, and should not be given too much impor- 
tance. 
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TABLE 48. — PHYSICAL PROPERTIES OF AMERICAN 


SERPENTINES. 
5 Botl oes Compression tests. 
g 26) $3 
i= = 
= : a ee) S 8 5 T rus 
State. Location. ae 2 5 © iis aise ot E & a 4 ested by 
5 3 ® || o,0| -#] ks 
2 = 3) fe | s5/08 } 5 ag 
Eg SAO See Ae ies 
In. 
California |Auburn.......... Qe 546m 59} Wieereen SMES sleet L165 90 ee etl neve tae esata 


Maryland |Broad Creek..../2.668 |.....|...... mas |S Pees Fl nee Sa rcs toes ea aOR aL oak 
Broad. Creek. ...5)/2)669) Wyo. we\aeanc A ater illcecee nal Re hee tied eee lel rectilinear Seas 


Texas Gillespie Co..... 2.61 159.7/6.0079]| 1 el ae res SOhOie ena Univ. of Texas 


Wash. (Milan darko r-rel seurocietelltuereteleeeteees 2) 3 8,210} 9,520) 10,400 
Milan, light yel- 

OW Keren Se sass eetvarecuiel te = yell eee 2} 3 | 12,180} 138,530) 14,820 

Valley, black ...'2.908 !180.3'0.14 2 | 27,800} 29,750) 31,700 


2. ; 
Blue, Colville....|2.594 |161.2/0.07 
White and yel- | 
low, Colville... .|2. , Ni eee col thes 
White, Colville 25719) W166 2610s 3 5in alll te ccl|emee llores eremenea tes |loeee ater eiecreeeetaeree tele 
White, Chewe- | | 


i | 
laheeetenne < reat ANDROS MMe all Goals anenae AAI ahah | une ances enc 
Valley, pink and | 
WHIbCin sents DROOL te LOL Tes” Ek ee erect rca erictl vee Wey nee | tenet | isenct: Whee meena ety 
Milan, white and 
PLOON em ee PA Pe Kec Oe shores etalon cian sell beds oatullene mom Ralioe exomancccoo 
Valley, green’. e.\o...4 Pecos || Sere ah 2 2 | 18,500| 18,305) 23,110) 
Walley. freemen. lesan eles an | ean Searels ukemes ewe cae Sa rah ste Padeletsrra tex zak gee ae en cline nce a ee eeycerate 
Chewelah........|/2.874 /178.8]0.03 2 3 | 14,560) 17,310) 20,950) 
Bogssburg 3... 4. = Pate GSR UE BI Peal eres MCA cacecias | Kececeatarral meee nal oranceoinns ona oak 
Valley. pinky (262 Oem Liceete lei imal een, syle, en (eee eget atl ere ell PR ie are eae 
Germanys|S:. 3: new oes 2.56 2 ree Aeaeel Paresh ten teas cose SALA OA 03 et en red iid GR 
3 aire ark 0.56 | 


Waele lomSeonls 1950 ease Winkler 


Production of Serpentine in the United States. — In the statis- 
tical tables annually published by the United States Geological 
Survey the production of serpentine, ‘‘ verd antique marble,” etc., 
is included with that of marble, so that no exact data can be 
given in regard to the American serpentine production. 

Distribution of Serpentine. — Because of their methods of 
origin, deposits of serpentine are confined to regions in which 
basic igneous rocks or highly metamorphosed limestones occur. 
Deposits of serpentine are therefore found in New England, the . 
Adirondacks and Hudson Highlands of New York, and thence 
southward in the Highlands of New Jersey and the South Moun- 
tain, Blue Ridge and Piedmont districts of Pennsylvania, Mary- 
land, Virginia, the Carolinas, Alabama and Georgia. Serpen- 
tine is lacking in the Ohio and Mississippi valley states, but 
occurs at various points in the Rocky Mountains and more 
western areas. The greater part of the small commercial pro- 
duction comes from Maryland, New York, New Jersey, Georgia, 
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California and Washington. For particulars concerning these 
localities reference should, be made to the reports in the following 
list. 

Reference List on Serpentine. — Of the papers in this list 
those by Mathews and Shedd are of greatest interest to the 
engineer and quarryman. The. other papers listed deal largely 
or exclusively with the origin and geologic relations of serpentine. 


Burnham, S. M. History and uses of limestone and marble; 8vo., 
392 pp. Boston, 1883. 

Jonas, A. J. Serpentines in the vicinity of Philadelphia. American 
Geologist, Vol. 36, pp. 296-304. Nov., 1905. 

Lyon, D. A. Serpentine marbles of Washington. Mines and Minerals, 
Vol. 21, pp. 349. 1901. 

Mathews, HE. B. Character and distribution of Maryland building 
stones. Reports Maryland Geol. Sur., Vol. 2, pp. 125-141. 1898. 

Merrill, F. J. H. The origin of the serpentine in the vicinity of New 
York (City). 50th Ann. Rep. N. Y.State Museum, Vol. 1, pp. 32-44. 

Merrill, G. P. On the serpentine of Montville, N. J. Proceedings 
U.S. National Museum, Vol. 11, pp. 105-111. 1889. 

Merrill, G. P. A consideration of some little known American orna- 
mental stones. Stone, Vol. 19, pp. 225-230. 1899. 

Merrill, G. P. Notes on the serpentinous rocks of Essex County, N. Y., 
and Easton, Pa. Proceedings U. S. National Museum, Vol. 12, 
pp. 595-600. 1890. 

Newland, D. H. The serpentines of Manhattan Island and vicinity 
and their accompanying minerals. School of Mines Quarterly, 
Vol. 22, pp. 307-317, 399-410. 1901. 

Peck, F. B. Preliminary notes on the occurrence of serpentine and tale 
at Easton, Pa. Annals of N. Y. Acad. Science, Vol. 13, pp. 419-480. 
1901. 

Peck, F. B. The tale deposits of Phillipsburg, N. J., and Easton, Pa. 
Ann. Rep. N. J. State Geologist for 1904, pp. 161-186. 1905. 

Shedd, 8S. The building and ornamental stones of Washington. Ann. 
Rep. Washington Geol. Sur. for 1902, Vol. 2, pp. 1-163. 1903. 
Anon. Serpentines of California. Bull. 38, Cal. State Mining Bureau, 

pp. 146-148. 1906. 


SOAPSTONE AND ALLIED PRODUCTS. 


The stones which are to be briefly described in the present 
section bear a certain resemblance to serpentine in origin, in 
composition and in physical characters. 

Origin and Composition of Soapstone. — The soapstones are 
rocks which usually consist largely or entirely of the mineral 
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talc, or of some closely related mineral species. Talc is a hydrous 
magnesian silicate, and when theoretically pure contains approxi- 
mately 63 per cent of silica, 32 per cent of magnesia, and 5 per 
cent of combined water. It therefore agrees with serpentine in 
its normal constituents, but differs from it in being both less 
basic and less hydrous. Both minerals have probably originated, 
in most cases, in the same general way, through the alteration of 
magnesian silicate minerals. 

Some of the soapstones which are utilized commercially differ 
from those above noted in being composed largely of hydrous 
aluminum silicates; but the best-known stones are of the talcose 
type. 

Distribution and Production. — Practically all of the tale and 
soapstone produced in the United States is from deposits located 
in the Green Mountain, Adirondack, Highland, Blue Ridge and 
Allegheny Mountain areas, the chief producing states being New 
York, Virginia and Vermont. Virginia is the principal producer 
of soapstone, with Vermont ranking second, for the output of 
New York is marketed almost entirely as ground talc. 

The following statistics, taken from recent reports of the 
United States Geological Survey, furnish data as to the industries 
in question. 


TABLE 49.— PRODUCTION OF TALC AND SOAPSTONE 
IN THE UNITED STATES, 1880-1910. 


Year. Short tons. Value. Year. Short tons. Value. 

1880-1900 | 969,928 | $11,224,652 1906 120,644 | $1,431,556 
1901 97,843 908,488 1907 139,810 1,531,047 
1902 97,954 1,140,507 1908 117,354 1,401,222 
1903 86,901 840,060 1909 130,338 1,221,959 
1904 91,189 940,731 1910 150,716 1,592,393 
1905 96,634 1,082,062 
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TABLE 50.— TALC AND SOAPSTONE PRODUCTION BY 
USES, 1907-1910. 


Average Average 
‘Short tons. Value. price |Short tons. Value. price 
Condition in which marketed. Sates } Lees Be 
1907. 1908. 
Rough tance eyes 25,538) $34,625) $1.36 3,013 $7,819) $2.60 
Sawed into slabs....... 4,822 91,668} 19.01 3,406 71,048] 20.86 
Manufactured articles *} 23,484; 648,475) 27.61] 16,336] 442,624) 27.10 
(rounder eerste 85,966) 756,279) 8.80) 94,599} 879,731) 9.20 
ePOCaLson et ence: 139,810} 1,531,047) 10.95} 117,354) 1,401,222) 11.94 
1909. 1910. 
ROUSE eee 27,412} $79,499) $2.90) 15,425) $56,872) $3.69 
Sawed into slabs....... 2,893 54,009) 18.67 9,352 78,042) 8.34 
Manufactured articles* | 22,646) 502,447) 22.19] 22,363) 503,391) 22.51 
(CHROWNGC! PLL cu coenetaecs 77,387| 586,004) 7.57) 103,576) 954,088) 9.21 
Otalei er aes 130,338} 1,221,959) 9.38) 150,716) 1,592,393} 10.57 


* Includes bath and laundry tubs; fire brick for stoves, heaters, etc.; hearthstones, mantels, 
sinks, griddles, slate pencils, gas tips, burner blanks, crayons, and numerous other articles for every- 


day use. 


{ For foundry facings, paper making, lubricators for dressing skins and leather, etc. 
t Exclusive of the quantity used for pigment, which is included among mineral paints. 


TABLE 51.— PRODUCTION OF TALC AND SOAPSTONE, 
BY STATES, 1908-1910. 


1908. 1909. 1910. 
States. 
Short tons.| Value. {Short tons. Value. |Short tons. Value. 
Massachusetts... . @&) @) 9,057 | $48,729 7,475 | $52,204 
New Jersey and 
Pennsylvania... 4,648 | $29,118) 13,900 61,967 | 13,192 62,833 
ING waVOnkee eee 70,739 | 697,390| 48,586] 359,957} 71,710| 728,180 
North Carolina... 3,564 51,443 5,956 77,983 3,887 69,805 
Wigrastomli, seagonsoc 10,755 99,743 | 23,626) 120,329| 25,975] 136,674 
Virginia.......... 19,616 | 458,252| 26,511| 523,942| 25,908| 510,781 
Other States T.... 8,032 65,276 2,752 29,052 2,569 31,916 
Total.......] 117,354 |1,401,222 | 130,338 |1,221,959 | 150,716 | 1,592,393 


* Included in ‘‘ Other States.”’ 


+ Georgia, Maryland, Massachusetts and Rhode Island, in 1908; California, Georgia, Mary. 
land and Rhode Island, in 1909 and 1910. 
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TABLE 52.— TALC IMPORTED INTO THE UNITED STATES, 
1902-1910. 

Average Average 

Year. | Short tons. Value. price per ' Year. Short tons. Value. price per 
ton. ton. 

1902 2,859 $35,366 | $12.36 1907 10,060 |$126,391 | $12.56 
1903 1,791 19,677 10.99 1908 7,429 97,096 13.07 
1904 3,268 36,370 11.13 1909 4,417 56,287 12.74 
1905 4,000 48,225 12.05 1910 8,378 106,460 1 PASr Al 
1906 5,643 67,818 12.02 


References on Talc and Soapstone. — The following list con- 
tains the titles of a number of papers and reports which can be 
consulted for further data on tale and soapstone, to supplement 
the necessarily brief discussion in the present volume. 


Keith, A. Tale deposits of North Carolina. 
pp. 4383-488. 


1903. 


Bull. 218, U. S. Geol. Sur., 


Nevius, J. N. Fibrous tale in St. Lawrence County, New York. Eng. & 
Mining Jour., Vol. 67, pp. 234, 235. 1899. 

Nevius, J. N. The tale industry of St. Lawrence County, New York. 
51st Ann. Rep. N. Y. State Museum, Vol. 1, pp. 122-127. 1899. 
Peck, E. B. The tale deposits of Phillipsburg, N. J., and Easton, Pa. 
Ann. Rep. N. J. State Geologist for 1904, pp. 161-186. 1905. 
Pratt, J. H. Tale and pyrophyllite deposits in North Carolina. Eco- 

nomic Paper, No. 3, N. C. Geol. Sur., 29 pp. 1900. 

Sahlin, A. The tale industry of the Gouverneur district, New York. 
Trans. Amer. Inst. Min. Eng’rs, Vol. 21, pp. 5838-588. 1893. 

Smyth, C. H. Report on the tale industry of St. Lawrence County, 
N. Y. 15th Ann. Rep. N. Y. State Geologist, Vol. i, pp. 661-671. 
1897. 

Perkins, G. H. Soapstone in Vermont. Rep. Vt. State Geologist for 
1899-1900, pp. 77-79. 1900. 

Watson, T. L. Tale and soapstone in Virginia. Mineral Resources of 
Virginia, Richmond, 1907, pp. 289-296. 


CHAPTER VI. 
SEDIMENTARY ROCKS IN GENERAL. 


Tue products which have been discussed in the preceding chap- 
ters of this volume are all, either directly or indirectly, of igneous 
origin. The stones which remain to be considered — the slates, 
sandstones, limestones and marbles — are, on the other hand, of 
sedimentary origin. In order to keep a proper sense of propor- 
tion it seems desirable, before taking up the classes of sedimentary 
rocks separately, to devote a short chapter to the consideration 
of the entire group. It will thus be possible to discuss both the 
resemblances of the group, and the differences of the sub-classes, 
from a broader basis than is available when only one of the sub- 
classes is under consideration. 

The Basis for Classification. — Geologists and petrographers 
who have devoted most of their lives to the study of the igneous 
rocks, have fallen into one curious error of fact with regard to 
the sedimentary rocks. When an error once reaches the dignity 
of print, it is capable of a surprising tenacity of life; for the human 
parrots who are responsible for much of our literature rarely 
check up their compilations by either research or thought. The 
result, in this particular case, is the common assumption that the 
classification of the sedimentary rocks is less natural and less 
exact than that of the igneous rocks. 

In every publication on the subject that has come to the notice 
of the writer, the assumption is made, either explicitly or im- 
plicitly, that the various classes of sedimentary rocks show such 
an infinite series of gradations, so far as chemical composition is 
concerned, as to render a sharply defined classification impossible. 
In this respect the sedimentary rocks are invariably contrasted 
unfavorably with the igneous rocks, where such definite classi- 
fication is held to be possible. As a matter of fact, the real 
conditions are exactly the reverse of those set forth by our text- 
book writers, for it is the sedimentary rocks which show the 
sharpest chemical differences, and the greatest gaps between 
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classes. It is therefore feasible to classify sedimentary rocks 
on a purely chemical basis; and in the classification thus estab- 
lished relatively few intermediate links will be found. 

Classes of Sedimentary Rocks. — A convenient working classi- 
fication of the sedimentary rocks, satisfactory enough for our 
present purposes, is that following. It will be seen that these 
rocks can be divided into three fairly distinct groups, the basis 
for the division, as given below, being partly chemical and 
partly physical. In later sections the sharpness of the chemical 
distinctions between the groups will be more strikingly illustrated. 

(1) Siliceous sediments; composed of grains or pebbles, usually 
of quartz — sandstones, conglomerates. 

(2) Argillaceous sediments; composed of clayey materials — 
shales, slates. 

(3) Calcareous sediments; composed largely or entirely of 
carbonate of lime, with or without carbonate of magnesia 
—limestones, dolomites, marbles. 

Degree of Consolidation. — It may here be noted that the 
geologist, in speaking of rocks, includes not only the hard materials 
commonly known by that name but also the soft, unconsolidated 
phases of these same materials, i.e., sands, gravels, clays, marls, 
etc. This introduces a cross classification, based on the degree 
of consolidation of the material, as indicated in the little table 
following: 


Degree of consolidation. 
Kind of rock. 
; Metamorphosed, 
Hoe) y mecca: Normally consolidated. extremely consoli- 

ci ated. 
Siliceous rocks... .)Sand, gravel|Sandstones, conglomerates.|Quartzites 
Argillaceous rocks.|Clays....... Shales .03 0a a... voces Slates, schists 
Calecareous rocks..|Marls...... IhimestOnes neers Marbles 


Modes of Origin of Sediments. — With the exception of a few 
relatively unimportant instances where ice or wind have played 
some part in the deposition of rocks, all of the sedimentary rocks 
have been deposited in bodies of water. In most cases water 
has been both the transporting and the depositing agent, but 
chemical and organic agencies have in many instances affected 
the result. 
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In the case of a sandstone deposit, for example, the sand grains 
of which it is composed were transported by flowing water to 
some point at which the current was checked. The deposition 
of the sand took place, therefore, from purely mechanical causes. 
Clay and shale beds are, in most cases, due to causes just as 
purely mechanical as are the sand beds. 

In the case of limestones, however, two entirely different sets 
of agencies have often taken part in the process. This arises 
from the fact that lime carbonate, as transported by running 
water, is carried in solution and not in suspension. The simple 
checking of the current will therefore be insufficient, under 
ordinary conditions, to produce the deposition of limestone. 
Such deposition can be caused, however, either by chemical 
agencies acting on the lime-charged water, or by the action of 
organisms. In one case the lime carbonate may be deposited 
through evaporation; in the other case it may be extracted from 
the water by organisms, and will then form a bed of limestone 
when these organisms finally sink to the bottom. 

Characteristic Sedimentary Structures. — The most charac- 
teristic feature about sedimentary rocks, as distinguished from 
igneous rocks, is the fact that the sediments are almost invariably 
divided into beds or layers. This characteristic feature arises 
from the fact that sedimentation is never absolutely continuous 
and uniform. Variations in the water level, in the direction of 
currents, or in composition of the particles of material carried by 
the water in suspension — all of these have an influence in this 
matter. Even slight changes in the composition of the deposit 
are apt to be reflected by differences of color, texture, etc., 
which suffice to mark out the bedding planes of the resulting 
rock. 

Metamorphism and Its Effects. — The metamorphism of sedi- 
mentary rocks changes their character and appearance in many 
ways, but these changes are usually almost entirely physical, 
and are accompanied by less chemical alteration than might be 
supposed. This point is brought out conclusively in later chap- 
ters where the alteration of limestone to marble, of clayey sedi- 
ments to slates, and of sandstones to quartzites are discussed in 
some detail. 

Normal Order of Discussion. — In the succeeding chapters of 
this volume the sedimentary building stones will be taken up 


94 BUILDING STONES AND CLAYS 


separately and described in detail. The order in which these 
sub-classes will be discussed is as follows: 

Chapter VII.— Slates. 

Chapter VIII. — Sandstones. 

Chapter IX. — Limestones. 

Chapter X.— Marbles. 

This order of discussion is the normal one to adopt, if the origin 
and general relations of these sub-classes be kept in mind. The 
slates are, so far as genesis and chemical composition are con- 
cerned, the most closely related to the igneous rocks and should 
therefore be considered first. The sandstones and limestones, 
on the other hand, represent products whose composition has, 
by mechanical or chemical selection, become sharply differen- 
tiated from that of the average igneous rock. 


CHAPTER VII. 
SLATES. 


_ Tue slates are rocks, normally clayey in composition, in which 
pressure has produced a very perfect cleavage, so that a block 
of slate can be readily split into thin, smooth, tough plates. 


ORIGIN AND COMPOSITION. 


Origin of Slates. — Almost all commercial slates have origi- 
nated through the action of pressure on fine-grained, clayey sedi- 
mentary rocks; but a few well-known roofing slates have been 
produced, by the same agency, from deposits of volcanic ash or 
from rocks of even more direct igneous origin. Though these 
igneous slates are of great interest scientifically, the normal or 
clayey slates are much more important. The following discus- 
sion therefore will consider primarily the origin of the clay 
slates, after which the origin of the igneous slates will be briefly 
noted. Wherever, in this chapter, the term slate is used without 
any qualification, it should be understood to refer to the slates 
derived from sedimentary clay rocks. 

The first stage in the origin of a slate is the deposition, in 
relatively quiet water, of fine-grained clayey material. No con- 
ceivable pressure can succeed in making a serviceable slate out 
of a coarse-grained sediment, out of a bed of sand, or out of a 
noticeably calcareous deposit. So that unless the original sedi- 
mentary deposit is of the proper physical constitution, no slate 
deposit can be formed from it. Now, it happens that the proper 
fineness and plasticity can be readily secured in deposits of clay, 
but that they are very difficult and almost impossible to secure 
if the deposit consists of siliceous or limy matter. For this 
reason, slates show a surprising uniformity in chemical compo- 
sition — a fact which usually is either overlooked or passed by 
as a matter of course. 

If the clay bed so formed be allowed to consolidate under 
entirely normal conditions, a bed of shale will be the ultimate 
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result. This will carry almost as much combined water as did 
the original clay, will have practically the same mineral con- 
stitution, and will show no regular cleavage system, breaking on 
the contrary into irregular blocks. In a later section of this 
volume, when dealing with the subject of clays, further data 
on shale deposits will be presented. At present, however, their 
interest arises from the fact that many of them might have 
become slates under more favorable conditions. 

In regions where earth movements have exerted heavy and 
long-continued pressure on the rocks, certain physical and 
chemical changes have often been the results. The limestones 
may be recrystallized into marbles; the sandstones may become 
quartzites; and some of the fine-grained clayey rocks may become 
slates. In all of these metamorphic effects, the physical changes 
are the more important and noticeable; but in some instances 
chemical changes have also accompanied them. In the case of 
the formation of slates the physical changes are the only ones 
which really require consideration at any length. 

The chief difference between a roofing slate and an ordinary 
clay or shale is that the slate will cleave readily into thin plates, 
which plates may or may not be parallel to the original bedding 
planes, while the clays and shales break into more irregular 
masses, the easiest breaking planes being either parallel to the 
bedding or parallel to joint systems. It has been proven experi- 
mentally that the distinctive slaty cleavage can be produced in 
any fine-grained homogeneous mass by long-continued heavy 
pressure, so that we may fairly assume that the cleavage of 
roofing slates is produced in this way. The character of this 
cleavage, and its relation to the original bedding planes, will be 
discussed on a later page. 

Average Chemical Composition of Slates. — The following 
average analysis of roofing slate has been prepared by the writer 
from a long series of analyses of commercial slates quarried in 
various American districts. 
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TABLE 53. — AVERAGE COMPOSITION OF FORTY-SEVEN 
AMERICAN ROOFING SLATES. 


Number of de- 
Constituent. terminations | Minimum. | Average. | Maximum. 
averaged. 
SILICA ea een es ere es ee ice: 44 54.05 61.43 69.08 
AVIAN ASA estes FO ern eee es 43 8.62 Wess 24.71 
HerniccOxiGeaey ay tna ewe oar 20 0.52 2.24 (oid) 
err OUSLOXIG ey. ee a see ee 20 0.97 3.85 7.48 
BF Tat YeRA Recah een n senha, SA par dete 45 0.00 1.58 oe 
IN doTiesl anwar te tore fer aye 45 0.12 2.47 6.43 
IR OAS betes ek cca dd eee 36 On2 3.46 554 
SOLA on Rohini 8 nye ates 36 0.09 ileal B51) 
imonisulip hide wysemeen sn eres hee Pan eae ee ie ORS Stall eee, 
Carbone 1OxXIGe ae sree saree Vela tt eae TEAS Se eS 
Combinedswater. 2. .-2455.. 0.5 LR ee Sr lene Sete 
IMOISHUTe ei em ane eee TGF eee ONGZ Ee ae 
Total silica and alumina... Aeros) | epg te Oe Own eae 
Total iron oxides......... AA ah wee ere AOS) eee es 
Total lime and magnesia. . ASP aut eae AN (ap | eee: 
Totalalkalies........:... A(t ee Ae BA ee ee eteeer. 
Total water and COz..... [Gesell eke Pr GON octrees 


* Titanic oxide is included with the alumina in this table. In nineteen of the analyses considered, 
the titanic oxide had been separately determined. The average of these nineteen determinations 
gave 0.73 per cent titanic oxide. 


Average Composition of Shales.— In Bulletin 168, United 
States Geological Survey, on pages 16 and 17, Dr. Clarke has 
quoted a series of composite analyses of American sedimentary 
rocks. The material was selected and the samples were pre- 
pared by Mr. G. K. Gilbert, assisted by Mr. G. W. Stose, and 
the analyses were made by Dr. H. N. Stokes in the chemical 
laboratory of the Survey. 

These composite analyses, so far as they relate to shales, are 
reprinted here as Table 54. The determinations of a number of 
minor constituents are omitted. In this series each individual 
shale was taken in amount roughly proportional to the mass of 
the formation which it represented. The samples were then 
mixed into one uniform sample from which, by a single analysis, 
an average composition was determined. 

In column 1 is given the result of an analysis of twenty-seven 
Mesozoic and Cenozoic shales; and in column 2 that of fifty- 
one Paleozoic shales. Column 3 gives the average of these two 
determinations, giving them, respectively, weights as 3 to 5. 
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The values in this column are, therefore, an approach to the 
“average shale”? composition. 


TABLE 54. — COMPOSITE ANALYSES OF AMERICAN SHALES. 


1 2 3 
Silt ea (SiO 3h) Pe wares ese ee sigs ee aye eae te a 55.43 60.15 58.38 
Alamina (Al O7) ie sam sarc e ks can eae 13.84 16.45 15.47 
Ditanickoxide CLiO;) meres vaccine eee 0.46 0.76 0.65 
Herrousioxiden(HeO) hac cma ora aoe 1.74 2.90 2.46 
errievoxid en (RiexO;) ens. eas Geer eee 4.00 4.04 4.03 
umes (@aQ))\eeterer eek ole Sk cetera eae 5.96 1.41 3.12 
Miagonestan(Vig@) mmnnnce: cee ee tere 2.67 2.32 2.45 
Rotashe(ks Ol) hae oe CAC ce ee ree ee 2.67 3.60 ono) 
SodanGNias@) ie. c raw yee Oe cee ewe Eee 1.80 1.01 1.31 
War bonediOxid Cpe wee i eee tee 4.62 1.46 2.64 
Wiateriolcombinabionices oes ees 3.45 3.82 3.68 
Moistures bel owallil Oc Caeser nee ree Deu 0.89 1.34 


It may be noted in passing that some of the differences in 
composition between the Paleozoic and the later shales were, 
either in degree or in kind, contrary to what might have been 
expected, from a purely theoretical standpoint. 

Comparison of Slate and Shale Average Analyses. — It is of 
interest to compare the two long series of slate and shale analyses 
presented in the two preceding sections, with a view to getting 
some idea of the relative chemical composition of the two classes 
of rock. As almost all of the slate analyses were of Paleozoic 
slates, it is obvious that the average slate should be most directly 
comparable with the composite analysis of fifty-one Paleozoic 
shales, given in column 2 of Table 54. The necessity for thus 
restricting the comparison is accentuated by the fact, above 
intimated, that the Paleozoic and later shales are not themselves 
directly comparable. 

The average slate contains 61.43 per cent of silica, as against 
60.15 in the average Paleozoic shale. Alumina and titanic oxide 
together amount to 17.33 in the slate, and to 17.21 in the shale, 
the titanic oxide alone being practically the same in both. The 
slate is high in ferrous oxide, and the shale in ferric oxide; but 
the total iron oxides in the slate amount to 7.40 per cent, as 
against 6.94 in the shale. Lime and magnesia together are 4.05 
in the slate, and 3.73 in the shale; and total alkalies are still 
closer, being 4.47 in the slate, and 4.61 in the shale. Carbon 
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dioxide, combined water and moisture are also almost exactly 
the same in the two rocks. Carbonates, as rock-forming min- 
erals, introduce an element of weakness: and their presence in 
undue quantity in any given slate must therefore be regarded 
with suspicion. 

The conclusion to be drawn from this comparison is that the 
average roofing slate is almost absolutely identical in chemical 
composition with the average shale; and that the two differ only 
in their physical characters. During the change from shale to 
slate — or rather from clay to slate or shale — the slate assumed 
perfect cleavage, but its composition was practically unaltered. 

Origin and Composition of Igneous Slates. — There are two 
classes of slates now quarried to both of which the term igneous 
slates may be fairly applied, though they are really very different 
in origin. The first class would include slates formed from 
deposits of voleanic ash; the second class would include slates 
formed from actual igneous rocks. 

(1) The ash slates have been known and quarried for a long 
time, the best-known examples of this type being the slates from 
the Lake district of England. Dale* has summarized recently 
published descriptions of these slates as follows: 

“Most remarkable are the green slates from the English Lake 
district (Buttermere, Tilberthwaite, etc.), which consist of vol- 
canic ash and which have long been known in England as ex- 
cellent roofing material. These have recently been chemically 
and microscopically analyzed and described. These slates are 
found to consist chiefly of chlorite, calcite, quartz (mostly second- 
ary), and muscovite, but contain also andesitic lapilli, feldspar, 
garnets, sphene and anatase. Slate needles and tourmaline are 
conspicuously absent. The chemical analyses show the follow- 
ing important constituents: 


SO) Dah eta proce paney ake, cpt ee ot Wales hee Pavone Estee kee race serene ce 50. 16-54 .02 
VN EOYs deeticee esata 6 oie eeae oR IE RA Probe Faas EOC AOD Ore 11.94-17.85 
(ORK O) oe Nee itr Me a ror eee eee teri Cree Came ra ein an a ae 3.67— 6.46 
1D Ota ere ekneean PH neta ema tae or Inna err or Coons ite 5.97— 7.06 
COP ee HES oo spasms aces Be ere eens natge sad davsualeteyat Mey 2.45— 5.41 


CO, if calculated to CaCO; would give from 5.56 to 12.29 per 
cent of CaCO;. Specific gravity ranges from 2.775 to 2.788. 


* Bull. 275, U.S. Geol. Sur., p. 18. 1906. 
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The percentage of SiO, is low, and that of FeO is near that of 
the “ unfading green ” slate of Vermont.’ 

(2) The sheared igneous slates are a still more remarkable class. 
These were first identified and described* by the present writer 
in 1903, who found them worked at the quarry of the Eureka 
Slate Company, north of Placerville, California. The igneous’ 
slates here appear as narrow bands extending vertically from 
top to bottom of the quarry wall, the main mass of the wall being 
a glossy black slate of normal sedimentary origin. 

A typical specimen of the green slate, from near the middle 
of the band, was selected for partial analysis in the laboratory 
of the United States Geological Survey, and the results of this 
analysis are presented below, as No. 1. The second analysis 
given below was quoted to the writer by Mr. C. H. Dunton, 
manager of the Eureka Slate Company, but the name of the 
analyst was unknown to him. The two analyses agree suf- 
ficiently closely, and are probably fairly representative of the 
chemical composition of the green slates. 


ANALYSES OF THE ‘‘GREEN SLATES” FROM SLATINGTON, 


CALIFORNIA. 
1 2 
SONY COR TAU O25) trai eine nearath Pann ecae es Aid oe Glider ane, Ap 45.15 47.30 
Alumina (Al,O;) and titanic oxide (TiQ2)........ 16.33 119, 533 
ironvoxidess (HeO mie; Os) senate 8.42 8.00 
Timex(Ca Qe roel we. oer nk eae Seneas eee 6.42 7.83 
Migionesian (NICO) eres saan eee tte are ee a. rere 8.72 7.86 
eee - Pe cr a Any eB sg hE Te n.d. $3, 7 
arbon dioxide (CO») 
Ni ee ee ee GSN ee iy ee Oe 11.28 9.92 


1. By W. T. Schaller, U. S. Geological Survey Laboratory. 
2. Analyst unknown. Analysis quoted by Eureka Slate Co. 


It will be seen that these analyses differ widely from those of 
any normal clay slate, and even if no structural evidence were 
at hand, the chemical composition of the green slate would be 
sufficient to suggest that their origin was probably from igneous, 
not sedimentary, rocks. 


* Wekel, E. C. On a California roofing slate of igneous origin. Journal 
of Geology, Vol. XII, pp. 15-24. 
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The evidence gathered as a result of further study of this 
occurrence may be summarized as follows: 

1. The structural relations of the green and the black slates 
seem to prove that the green slates are derived, by dynamic 
metamorphism, from an igneous rock; further, that this rock 
was an intrusive massive rock, not an interbedded tuff; and that 
it was intruded into the Mariposa slates at some period subse- 
quent to their deposition, but before their assumption of slaty 
cleavage. 

2. Microscopic evidence, though inconclusive, owing to the 
lack of a sufficient supply of material, proves that the green 
slates are composed of thoroughly crystalline material. The 
rock forming one of the near-by dikes is shown to be a 
gabbro. 

3. Chemical analyses of the green slates show that they are 
widely different in composition from the black slates, and, 
indeed, from any normal clay slate. Comparison of the same 
analyses with those of igneous rocks of the region show striking 
similarities in composition between the green slates and certain 
massive, basic, igneous rocks — gabbros and allied rocks. 

There are, of course, no reasons why an igneous rock should 
not be susceptible of change, under proper conditions, into a 
roofing slate; and the possibility of such a change occurring 
would probably have been conceded by most geologists, had the 
question been brought to their attention, before the foregoing 
description of an actual occurrence had been published. Not- 
withstanding these facts, the California occurrence seems to be 
unique. The extensive literature of roofing slate has been ex- 
amined by the writer, so far as this literature is available, and 
no similar occurrences of the derivation of roofing slates from 
massive igneous rocks have been noted. More than this, the 
possibility of such an occurrence would seem to have been over- 
looked by most writers, who either expressly or by implication 
use the term “roofing slate ’’ to include only argillaceous sedi- 
mentary rocks. This oversight is the more inexcusable, because 
a large industry has been based for a century or more, in one 
English district, on roofing slates derived from tuffs. 

List of References on Origin and Composition of Slate. — The 
following list covers a few of the many papers dealing with the 
origin and composition of slates. 


102 BUILDING STONES AND CLAYS 


Becker, G. F. Finite homogeneous strain, flow, and rupture of rocks. 
Bull. Geol. Soc. America, vol. 4, pp. 13-90. 1898. 

Becker, G. F. Schistosity and slaty cleavage. Jour. of Geol., vol. 4, 
pp. 429-448. 1896. 

Becker, G. F. Experiments on schistosity and slaty cleavage. Bull. 
241, U.S. Geol. Sur. 1904. 

Cole, G. Phyllade, phyllite, and ottrelite. Geol. Mag., new series, 
decade IV, vol. 3, pp. 79-81. 1896. 

Dale, T. N. Slate deposits and slate industry of the United States. 
Bull. 275, U.S. Geol. Sur., 154 pp. 1906. 

Eckel, E. C. On the chemical composition of American shales and 
roofing slates. Jour. of Geol., vol. 12, pp. 25-29. 1904. 

Eckel, E. C. On a California roofing slate of igneous origin. Jour. of 
Geol., vol. 12, pp. 15-24. 1904. 

Harker, A. On slaty cleavage and allied rock structures. Rep. British 
Assoc. Adv. Science for 1885. 1886. 

Hunt, A. R. Notes on petrological nomenclature; schist, slate, phyllade, 
and phyllite. Geol. Mag., new series, decade IV, vol. 3, pp. 31-85. 
1896. 

Hutchings, W. M. Notes on the probable origin of some slates. Geol. 
Mag., new series, decade III, vol. 7, pp. 264-273, 316-3822. 1890. 

Hutchings, W. M. Notes on the ash slates and other rocks of the Lake 
district. Geol. Mag., new series, decade III, vol. 9, pp. 154-161, 
218-228. 1892. 

Hutchings, W. M. Notes on the composition of clays, slates, etc.; and 
on some points in their contact metamorphism. Geol. Mag., new 
series, decade IV, vol. 1, pp. 36-45, 64-75. 1894. 

Hutchings, W. M. An interesting contact rock, with notes on contact 
metamorphism. Geol. Mag., new series, decade IV, vol. 2, pp. 122- 
131, 163-169. 1895. 

Hutchings, W. M. Note on a contact rock from Shap. Geol. Mag., new 
series, decade IV, vol. 2, pp. 314-817. 1895. 

Hutchings, W. M. Clays, shales, and slates. Geol. Mag., new series, 
decade IV, vol. 3, pp. 309-817, 348-350. 1896. 

Hutchings, W. M. The contact rocks of the great Whin Sill. Geol. 
Mag., new series, decade IV, vol. 5, pp. 69-82, 123-131. 1898. 
Reade, T. M., and Holland, P. The green slates of the Lake district, with 
a theory of slaty cleavage and slaty structure. Proc. Liverpool Geol. 

Soe. for 1900-1901, pp. 101-127. 1901. 

Spring, W. Sur les conditions dans lesquelles certains corps prennent 
la texture schisteuse. Archives des sciences phys. et nat. de Geneve, 
vol. 18, pp. 829-341. 1893. 


Analyses of Slates from Various Localities. — The following 
series of tables (Tables 55 to 61 inclusive) contain the results 
of a large number of analyses of roofing slates from various 
localities in the United States and elsewhere. 


SLATES 


TABLE 55. — ANALYSES OF SLATES: MAINE AND 
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MASSACHUSETTS. 
1 3 
SILC eee er mise hee rd foe nth tera 56.42 54.24 60.80 
PAD UITL IG) eee er ee ik ee greet noe ey 24.14 24.71 22.00 
MErriChOxide se en ee yee 4.46 8.39 10.50 
EATING Reem ee eG tee a reed ee 0.52 Se2o 0.50 
NER ONES aerate yori hee us Sykes hee a 2.28 2.59 0.70 
IR GaSe ares etre a neat: 5.53 0.72 1.50 
DOC aed. meer pee ttre Cort cM ec eve ere OLD 1.43 0.80 


1. Monson Slate Company, Monson, Me.; L. M. Norton, analyst; 20th 
Ann. Rep. U.S. Geol. Survey, pt. 6, p. 394. 
2. Monson, Me.; no analyst given; quoted in same publication. 
3. Lancaster, Mass.; no analyst; 18th Ann. Rep. U.S. Geol. Sur., pt. 5, 
p. 999. Probably mica schist. 


TABLE 56. — ANALYSES OF SLATES: NEW YORK, 


VERMONT. 
1 2 3 4 6 7 8 9 
Silicaemena cee ees 67 .61/67 .55/56. 4963 . 88/67 . 89/59 . 27|60 . 24/60 . 96/61. 63 
Alumnae eee eee 13 .20)12.59)11.59) 9.77/11.03)18.81/18.46)16. 15/16 .33 
Mi¢anic-OxX1des es 0.56) 0.58) 0.48} 0.47) 0.49) 0.99] 0.92) 0.86) 0.68 
ernicloxidean seer 5.36} 5.61} 3.48} 3.86) 1.47) 1.12} 2.56) 5.16) 4.10 
Ferrous oxide......... 1.20) 1.24) 142) 1443-81) 6.58) 5 1812-54) 2°71 
TDS Gir oh ee ee PEALE 0.11) 0.26) 5.11) 3.53) 1.43) 0.42) 0.33) 0.71) 0.50 
Mapnesiaenany.1 ra S20) BPA) WB syd) 2.) PA GSB SET) Oy: 
Potashwes.. ccutko eee 4.45] 4.13} 3.77) 3.45] 2.82) 3.75) 4.09) 5.01) 5.54 
SOc ater cei acer: 0.67] 0.61} 0.52} 0.20) 0.77] 1.88] 1.57] 1.50] 1.26 
Mronisulphide sans. 0.03} 0.04; 0.03) tr. | 0.04) 0.15) 0.16)..... 0.04 
@arbonrdioxidesee sane: 0.11) 7.42) 5.08) 1.89) 0.21] 0.08) 0.68] 0.41 
Wie VeTemnenii acca cos 3.42) 3.43] 3.19] 2.75) 3.57) 4.30) 3.99) 3.25) 3.55. 
10 11 12 13 14 15 16 17 
SELIG Gave ees a ene eases 65.29/59.70 59.84 62.37 |67.76 |59.48 |60.72 |58.15 
Aluminasee see ee bees 16.98 |15.02 {15.43 |14.12 |18.22 |22.59 |18.93 
UianicrOxide ne ne te eer ONTO ONAN BORTA 08 CIs | T2021 05 54180293 
lerricwOxldeeerre ses ieee OPO ZR ole 23m mle 4 OS lan m4 | omen |e Oi 
MerrousroOxldeomn aise aie aae 4.88 | 4.73 | 5.34 | 4.71 | 6.81 | 6.03 | 5.64 
JETheCVE cis 0 Sl a eae eae reat IL Pe | BO Were 1) Os | O08 | Oozhl | Onae 
IMaioneslanreee st acter: 38.23 | 3.41 | 3.14 | 2.38 | 2.50 | 2.05 | 2.70 
IRotashatesn eterna era BAe Nl yh AOL) PS GPr | ae || SE) fh) Bh toe 
Sod are reece ee ortia tne IES on lata tae Om leo on Os SGnleleds 
AroOnesulphidemerrca eres a Se POn0SEeOz0Gn ROr220 sOel37len.de ened: 
@arbonidioxides ess close 1.40 | 2.98 | 0.87 | 0.40 | 0.39 | n.d. | n.d. 
AWS LOL terse heat rays icie | ares AL WA | Bosbs || CEOS |S} Gl) Cee Beil |p Au ate 
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Analyses 1-15 inclusive of the above table are by W. F. Hille- 
brand, and are quoted from the nineteenth Annual Report United 
States Geological Survey, part 3, page 232, et seg. Analyses 
16 and 17 are by L. G. Eakins, and are quoted from Bulletin 
168, United States Geological Survey, page 280. The localities 
are as follows: 


1. Red slate, Matthews quarry, Poultney, Washington County, New 
York. 
2. Red slate, Empire Red Slate Company, Granville, N. Y. 
3, 4. Red slate, National Red Slate Company, Raceville, N. Y. 
5. Green slate, National Red Slate Company, Raceville, N. Y. 
6. Unfading green slate, Eureka quarries, Poultney, Vt. 
7. Variegated slate, Eureka quarries, Poultney, Vt. 
8. Purple slate, Francis quarry, Hydeville, Vt. 
9. Purple slate, McCarthy quarry, Lake St. Catharine, Vt. 
10. Sea-green slate, Auld & Conger quarry, Wells, Vt. 
11. Black slate, American Black Slate Company, Benson, Vt. 
12. Sea-green slate, Hughes quarry, Pawlet, Vt. 
13. Sea-green slate, Griffith quarry, South Poultney, Vt. 
14. Sea-green slate, Rising & Nelson quarry, West Pawlet, Vt. 
15. Unfading green slate, Valley Slate Quarry Company, Poultney, Vt. 
16. Slate, Guilford, Vt. 
17. Slate, Lake Shore quarry, Hydeville, Vt. 


TABLE 57. — ANALYSES OF SLATES: NEW JERSEY, PENN- 
SYLVANIA, MARYLAND. | 


1 2 3 4 5 6 v 8 9 
ae iad Ni os 2 58280 Beene sabes 68.62 
Aluminase eee 21.98} 21.85/23 .10)15.24)15.27 |12.68 
Titanic oxide....|n.d.| 1.27|/ n.d. | 0.84) 0.78 n.d. 7 |90. 9790 .09)89. 27 
Tron oxides...... 10.66; 9.03) 7.05) 5.52) 4.90 4.20 
LIME er acnpee eas 0330) OSLO paaee 4.24| 4.23 tes 1PLSE22O7lpenou 
Magnesiacae.. 4. 1.20} 1.50) 0.87) 2.93) 2.84 | 1.80 | 2.48) 2.57] 0.93 


Stee 0.46) 0.49) 1.38) 1.3 

Iron sulphide....| 0.11) 0 0.09} 1.72) 1.72 Gl sol 
Carbon dioxide. .| 0.39} n.d.|} n.d.| 3.58] 3.67 2.99 m:d.|)) nvd.|5 ned: 
Wiattereerr yaa. tke 4.03} 3 4.08) n.d.| 4.86 : ; 


ec ee 3.83| 2.34 pa 3.73 nk nda 


Of the above analyses, 1-3 are of slates from the Peachbottom 
district in Maryland and Pennsylvania; 4-6 are from the Lehigh 
or Slatington district of Pennsylvania; and 7-9 are from the: 
New Jersey continuation of the last-mentioned region. 
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. Harford County, Md.; Booth, Garrett & Blair, analysts; 20th Ann. Rep. 


U.S. Geol. Sur., pt. 6, p. 399. 


Humphreys quarry, Delta, York County, Pa.; A. S. McCreath, analyst; 
ibid, p. 4386. 


. Lancaster County, Pa. Quoted by Merrill, “Stones for Building and 


Decoration.” 

Washington vein, Hazel Hill quarry, Slatington, Pa.; W. F. Hillebrand, 
analyst; Bull. 275, U.S. Geol. Sur., p. 84. 

Lower Franklin vein, old Franklin quarry, Slatington, Pa.; ibid. j 

East Bangor, Northampton County, Pa.; H. Leffman, analyst; 20th 
Ann. Rep. U.S. Geol. Sur., pt. 6, p. 436. 


. Springdale, N. J.; Ann. Rep. N. J. State Geol. for 1900, p. 78. 
. Newton, N. J.; Ann. Rep. N. J. State Geol. for 1900, p. 77. 
. Lafayette, N. J.; Ann. Rep. N. J. State Geol. for 1900, p. 74. 


TABLE 58.— ANALYSES OF SLATES: VIRGINIA, TENNESSEE, 


GEORGIA. 

1 2 3 4 5 6 7 8 
Sillcapondse saree 55.58 |56.33 60.65 |54.76 |58.45 |59.00 [58.20 157.40 
PAIRING eee eta 24.53 |22.26 |16.87 |24.11 |21.88 |23.44 |18.83 |23.65 
Ferric oxide....... ORI 52 219 e7.279) im. de 6.04456, 28i nd 4.45 
Ferrous oxide...... oO | Cees || aaech, |p Goch sll salsel, || aael, |i tess |) ace, 
ime fee eo ee 0542) (02687) 1291 neds | 1286) 1230) 94035) 103.23 
Magnesia.......... 195) eA Sne 2789) meds O46 OR50NNS bie S23 
Potash. see Belle |) GSS NO |) nel jf GO |) PeOEE Ne oak I) cael, 
SOd a Sept wenns rs: TRAV e49)} QE a ads 2.345 178" 100).69" Jind: 
SUN. ee oo beens 0.008} 0.004] 0.69 | n.d. | 0.65 | 0.23 | 0.49 | n.d. 
Carbon dioxide... .| 1.99 | 1.69 | n.d. | n.d. | n.d. | n.d. | 0.60. 6.80 
Combined water...| 3.39 | 2.86 | 3.63 | n.d. | 6.66 | 4.64 | 4.075] ~- 


2. 
3. 


4, 


. Green slate, Standard Slate Company, Esmont, Albemarle County, 


Va.; sampled by HE. C. Eckel, analyzed by Lehigh Valley Testing 
Laboratory. 

Black slate, same quarry, sampler, and analyst as preceding. 

Gray slate, Williams quarry, Arvonia, Buckingham County, Va.; 
H. Froehling, analyst; 20th Ann. Rep. U.S. Geol. Sur., pt. 6, p. 458. 

Slate, near Warrenton, Fauquier County, Va. 


5, 6. Slate from quarry Southern Slate Company, Maryville, Blount 


7. 


8. 


County, Tenn.; analyzed by G. McCulloch; quoted in Bull. 275, 
U.S. Geol. Sur., p. 88. 
Slate, Georgia Slate Company, Rockmart, Polk County, Ga.; Slocum 


& VanDeventer, analysts; 20th Ann. Rep. U. 8. Geol. Sur., pt. 6, 
p. 376. 


Slate, Southern States Portland Cement Company; J. F. Davis, analyst; 
Bull. 275, U. S. Geol. Sur., p. 60. 


e é a "y SS 
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TABLE 59. — ANALYSES OF SLATES: ARKANSAS. 


1 2 3 4 5 6 cf 8 9 10 

Silicarc soc tee 53.81/54.83/68.90/57.79 69.76/52.50|55. 71/53 .23}52.35|52.79 
IMM COS wc oe oe 25.40/23 .53/14.03/22.92/14. 16/26 .31)/25. 20/26. 29)26.16|24.96 
Ferric oxide...... Gali{eorOG eee MG vs ee 3.98] 2.46) 3.81] 5.81] 6.27 
Ferrous oxide..... 2.75| 3.41) 4.65) 2.62; 4.58) 5.34) 3.97) 4.21, 3.16) 3.81 
Time meer eee 0.31} 0.28) 0.37] 0.23} 0.38] 0.28) 0.26) 0.31} 0.29) 0.28 
Magnesia......... 1.74! 3.05} 1.11} 1.97} 1.32| 2.27] 1.74) 1.87) 2.29) 1.69 
Rotashweae ees 4,27| 3.21) 2.14) 4.66) 1.94) 3.32] 4.51) 3.58] 3.82) 3.52 
SOC a eape ene tees 0.49} 0.21) 0.05) 0.12} 0.13) 0.04) 0.22) tr. | 0.16} 0.03 
Carbon dioxide 

Combined water >| 4.62| 6.01] 7.69) 4.13] 7.44) 5.33) 5.13) 5.82) 5.19] 5.79 
Organic matter 

IMoistureseme in: 0.66) 0.43] 0.66) 0.48) 0.54) 0.47) 0.53] 0.59] 0.57) 0.72 

ll 12 13 14 15 16 17 

Silica, (SiOs) ean eee 66.16 [68.79 |/69.04 |69.07 |67.90 |64.00 |63.22 
Alumina (Al2.O3).......... 8.62 |14.26 12.66 |11.40 |10.42 /11.59 |16.76 
Ferric oxide (Fe2O;3).......| 9.04 | 5.90 | 8.55 | 7.66 | 6.22 |13.71 | 9.54 
Ferrous oxide (FeO)....... 344) TG? eae oO seb Oa eens cscs eee ys |e enee 
Toye CORON coac coon oo nll deagee i UG |) herp SS eseatee |p ak a) |) 16773 
Magnesia (MgQO).......... 178 | 1.43 | 1.87 | 3.14 | 4.34 | 2203) 1752 
Potashi(Ke ©) pam terse 4.96 | 3.09 | 2.98 | 3.88 | 4.11 | 1.36 | 1.43 
Sodas(Nas@)aecen rece 64 09 .09 96 69 64 .07 
Sul phumsinis Osea eee 08 44 .06 02 .06 05 .05 
Sulphur in FeS2........... .02 01 01 01 01 04 .03 
Carboni(©)henn en eee PPA WAI Ro edeee W784. 4,.030 (3470 
Carbon dioxide (COz)..... .09 nl 72 sili O01 01 O01 
Weitere tale ee te eq tame .18 AT 84 24 223, 25th L010 


Analyses 1-10 inclusive of the preceding table were made at 
a laboratory formerly maintained in St. Louis by one branch 
of the United States Geological Survey, but not manned by 
Survey chemists. The analyses are quoted from Bulletin 480, 
United States Geological Survey, page 334, and are repeated 
here for what they may be worth. In the writer’s opinion they 
are as doubtful as those formerly turned out at the Watertown 
Arsenal. 

Analyses 11-17 are quoted from Bulletin 275, United States 
Geological Survey, page 53, where they are credited to W. G. 
Waring. In this set the alumina is as remarkably low as it was 
high in the other series. Taken together the two sets, which 
cover much the same slates, are excellent examples of what may 
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be expected when difficult analyses are turned over to ordinary 
chemical laboratories. The localities are as follows: 


1, 4. Red slate, Southwestern Slate Company. 
2. Green slate, Southwestern Slate Company. 
3, 5. Black slate, Harrington property. 

6, 7. Green slate, Jones property. 

8, 9. Red slate, Jones property. 

10. Buff slate, Baker property. . 

11. Green slate, Southwestern Slate Company. 
12. Red slate, Southwestern Slate Company. 
13, 14. Red slate, State House Cove. 

15. Green slate, State House Cove. 

16, 17. Black slate, Crooked Creek. 


TABLE 60. — ANALYSES OF SLATES: CALIFORNIA, UTAH. 


1 2 3 4 
SLE ar eememenn ote phe s Comis RR tele i oe 63.52 47 .30 45.15 54.05 
PAIN eee ee ere oe ee eae 16.34 L5eo3: 16.33 20.95 
rOMmrOxideSwer-snte tee eee (Ga79 8.00 8.42 9.28 
NETTIA Cen cae: Mer ee Late mee L, faethe 0.98 7.83 6.42 OR22 
WIA GNESTA ater teen 2A acter eons 2.50 7.86 SP |) Oe 
Rotashcandsodas 25 65 mee) Sala n.d. n.d. 
Water, carbon dioxide............. A 86-5) 9.92 11.28 3.90 


1. Black slate, sedimentary; Eureka Slate Company, Kelsey, El Dorado 
County, Cal.; sampled by E. C. Eckel; analyzed by W. T. Schaller. 

2. Green slate, igneous; same quarry as preceding; analysis quoted by 
company. 

3. Green slate, igneous; saime quarry as preceding; sampled by E. C. 
Eckel; analyzed by W. T. Schaller. 

4. Purple slate, near Provo, Utah; sampled by E. C. Eckel; analyzed by 
W. T. Schaller. 


TABLE 61. — ANALYSES OF EUROPEAN ROOFING SLATES. 


| | | 
etal Zeer Aeh DOF te 7a Si Oa lO Tt. ete tI 
| 
Silica(G1O>) teen tee ae 55.06 58.30 50.88 55.8 59.3 60.50/60. 68 61.43 61.57 65.63) 48.60 59.35 67.56 
Alumina (Al,O3)....... 122. 55/21.89/14.12/25.7|17.5/19.70/21.20|19.10/19.22/20.20| 23.50/13.56 12.23 
Ferric oxide (Fe,O3)...| 1.97| 7.05].....| 0.3] 2.3] 7.83] 5.68] 4.81] 6.63] 2.72] 11.30) 1.10) 2.87 
Ferrous oxide (FeO)... 5.96) 2.57) 9.96| 9.5) 3.8]..... 0.46] 3.12] 1.20] 0.85]...... 4.75) 6.99 
Tien CAO), see | 1.30| 0.39] 8.72] 4.4] 5.0] 1.12] 1.71] 0.31] 0.22] 0.19]...... 5.20 0.27 
Magnesia (MgO)......., 2.92) 1.09 8.67)... tr. | 2.20/ 0.88) 2.29 0.93] 0.71) 1.60, 3.60) 3.03 
Soda (Na,O).......... | Dat TS ee |....|....| 2.20] 2.09) 0.83) 3.63 3.81)\4 70 {1-48) 1.28 
Potash (K,O)......... eS 582 12-451 (059815 eae Sa18|e3264\bg204 mig eee life erTlh 176 
‘Carbon dioxide (COz)..|.....|..... HEL VANE RDAND AEC Al cert ol Fa el petra [otal Lacon oer | 4.45]..... 
Water seeth MP oan: 4.35] 4.61|..... 0.2| 6.0] 3.30) 2.88] 3.52] 3.25] 3.17] 7.60 | 3.41) 1.00 
| | | 
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1. Mohradorf, Austria; Nikolic, analyst; 19th Ann. Rep. U.S. Geol. Sur., 
pt. 3, p. 261. 
2. Delabole, Cornwall, England; J. A. Phillips, analyst; 19th Ann. Rep. 
U.S. Geol. Sur., pt. 3, p. 261. 
3. Lake District, Westmoreland, England; G. Vogt, analyst; Jour. Inst. 
British Architects, Vol. 3, p. 196. 
4,5. Lake district, Westmoreland, England; Lock, analyst; Economic 
Mining, p. 367. 
6. Average, Wales; Hull, “ Building Stones,” p. 291. 
7. Llanberis, Wales; 19th Ann. Rep. U.S. Geol. Sur., pt. 3, p. 261. 
8. Rimogne, Ardennes, France; Klement, analyst; 19th Ann. Rep. 
U.S. Geol: Sur:, pt. 3, p. 261. 
9, 10. Fumay, Ardennes, France; A. Renard, analyst; 19th Ann. Rep. 
U.S. Geol. Sur., pt. 3, p. 261. 
11. Angers, France; D’Aubisson, analyst. 
12. Frankenberg, Prussia; A. von Groddeck, analyst; 19th Ann. Rep. 
U.S. Geol. Sur:, pt. 3, p. 261. 
13. Westphalia, Prussia; H. von Decken, analyst; 19th Ann. Rep. U. 8. 
Geol. Sur., pt. 3, p. 261. 


COLOR, TEXTURE AND STRUCTURE. 


Color of Slates. — Slates from various districts, and in some 
cases even from different parts of the same quarry, show very 
marked differences in color. The commonest colors are various 
shades of gray and bluish gray. Black is probably the next 
most abundant color, followed in turn by reds of various shades. 
Greens are less common, especially the purer and clearer greens, 
though grayish green is not rare. Purple is perhaps the scarcest 
of the colors in which slate is found. Yellow, brown and buff 
slates occur, but these colors are invariably due to weathering 
and though showing at the surface do not occur in the merchant- 
able slate. 

In almost all cases, the colors shown by slates are due to the 
amount and condition of two of the constituents of the slate — 
organic matter and iron oxides. It may be fairly assumed that 
the normal or average slate color is some shade of gray. If the 
slate contains considerable finely divided carbonaceous matter, 
it will probably show a glossy black color on its cleavage surfaces. 
If it is high in ferric iron, it will probably be a red or purple slate. 
If the iron is in the ferrous form, the slate will normally be green, 
if fairly free from organic matter; and black if organic carbon is 
present in addition to the ferrous iron. 
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Economic Importance of Color. — The color of slate is of im- 
portance industrially in so far as it affects the physical properties, 
the permanence and the salability of the product. 

So far as strength is concerned, there is little to choose between 
the various colors. The glossy black slates are, on the average, 
apt to be somewhat finer grained, somewhat softer, and con- 
siderably more smooth and even grained than those of any other 
color. The gray slates, on the other hand, usually are at the 
other extreme of the series in all of these respects; while the red 
and green slates are intermediate. The properties in which the 
black slates excel are obviously those which fit them well for 
mill stock; while they are negative or actually harmful so far 
as strength and durability are concerned. 

In regard to permanence of color throughout long exposure to 
the weather, which is a matter of importance in the selection of 
roofing slates, slates may be either practically permanent in tint, 
they may fade evenly and slightly or they may fade or discolor 
in uneven patches. Except for the difficulty in matching the 
tint when a few slates on a roof require replacement, there would 
be no objection to a moderate and even fading, while of course 
a slate which changes color in blotches is highly objectionable. 
So far as original color affects these matters, it may be said that 
the black and gray slates are commonly either entirely permanent 
in color, or show but slight changes; that the bluish slates often 
turn more grayish, while most red slates take on a browner tint. 
The green slates are the most doubtful always, for while some of 
them are practically permanent in color, others discolor badly. 
The change in color of the fading green slates is due, according 
to Dale and Hillebrand, to the presence of small quantities of 
unstable iron-lime-magnesia carbonates, in which the ferrous 
iron gradually oxidizes and hydrates to imonite. The develop- 
ment of discoloring blotches in slate of any tint is generally due 
either to the same cause, or to the weathering of small grains of 
iron sulphide (pyrite or marcasite). 

The salability of slate is largely influenced by color. As the 
entire slate trade is governed by tradition, it being in this respect 
perhaps the most archaic of existing industries, it is very difficult 
to introduce a new slate, and particularly so if its color differs 
from that to which the particular local market is accustomed. 
~ When a new company attempts to do this, its competitors never 
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have the slightest difficulty in producing a hundred ancient 
Welshmen who are willing to swear that, in all the years since 
Wales first rose above the sea, no one has appeared mad enough 
to even suggest using a slate of that particular tint for roofing 
purposes. It is only recently that the slate trade has thought of 
submitting such matters to laboratory tests, in place of relying 
on the traditional lore of the bards. 

There is a very definite advantage to a slate company arising 
from the control of two or more colors of slate, whether these 
are taken from the same quarry or from entirely different dis- 
tricts. Architects usually specify color as well as grade, and a 
company which can supply only one good color or type of slate 
must necessarily lose a good deal of desirable business. A good 
example of the advantage of controlling two well-contrasting 
colors is afforded by a western company whose quarry is in a 
glossy black slate, but with a few narrow bands of green slate. 
The latter is marketed for lettering and ornamental work on the 
black slate background, and the idea has taken very satisfac- 
torily. In the eastern states the slate industry seems to be on 
the verge of developing on a larger scale than heretofore, and 
doubtless this development will ultimately take the form of 
large companies each owning a number of quarries in different 
districts, so that each can supply slate of any specified grade 
and color. 

Cleavage. — The most striking difference between slates and 
shales lies in the fact that while shales ordinarily break into 
irregular blocks, slates show a very perfect cleavage in one plane, 
though breaking irregularly in all other directions. This slaty 
cleavage is a phenomenon closely akin to the gneissoid lamination 
shown by many granites, and discussed on an earlier page. In 
neither case is the cleavage nor banding necessarily parallel to 
earlier bedding planes. In slates, for example, it is occasionally 
found that the cleavage plane intersects the original bedding 
plane at a high angle; and indeed most books dealing with the 
subject allow it to be supposed that such discordance between 
cleavage and bedding is the normal condition. The writer’s 
experience, however, is that in by far the majority of cases the 
cleavage of our commercial slates is either absolutely parallel 
to the original bedding, or else diverges from it at only a small 
angle. 
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When the bedding plane and plane of slaty cleavage coincide 
exactly, so that the slate splits most readily along its original 
bedding planes, the split surface will usually be rough and un- 
even, so that such a slate does not give satisfactory roofing 
material but must be used as mill stock. 

Surface weathering decreases the durability and the splitting 
properties of slates. For this reason it is difficult to decide as 
to the value of a slate property from surface exposures only. It 
may be taken as a general rule that the deeper from the surface, 
the better the slates will be as to soundness, strength, color, 
cleavage and size of blocks. This rule is not invariable, however, 
and it cannot be carried too far. Slate from an opening 50 feet 
below the surface will almost always be superior in every way 
to surface slate; but slate from a 100-foot hole should not be 
expected to be much if any better than that from a 50-foot hole. 


PHYSICAL PROPERTIES AND TESTING. 


Desirable Properties of Slates. — Slate may be used for two 
general purposes — mill stock and roofing slate; and the prop- 
erties which are desirable for one use are not necessarily im- 
portant for the other, a fact which is often overlooked. 

For mill stock a slate should preferably be fine and even- 
grained, soft rather than hard and reasonably uniform in color. 
For the sake of the dressing machinery it should be free from 
grains of quartz, pyrite or other hard minerals. Its color and 
chemical composition are of no particular importance for such 
use. 

For roofing slate durability and strength are of value. A roof- 
ing slate should be practically permanent in color, even after 
exposure to damp and acid atmospheres; it should stand punch- 
ing cleanly, and should be strong and tough enough to stand 
rough handling during shipment, laying and use. Pyrite, iron 
carbonate and other unstable minerals are highly undesirable. 

It will be seen from the above summary that no one is par- 
ticularly interested in the compressive strength of roofing slate 
—and still this is occasionally determined and recorded with 
proper solemnity. The specific gravity is of interest chiefly 
because a dense heavy slate may be expected, other things being 
equal, to be more durable than one of more porous nature. 
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TABLE 62. — SPECIFIC GRAVITY OF ROOFING SLATES. 


Quarry. Location. Tested by pres 
Eureka quarries.............. (Roultneyanv taran aan ninnee reitae W. F. Hillebrand. . 2.795 
Eureka quarries.............- lRoultneyanVitserne ee eee W. F. Hillebrand. . 2.8053 
Hughes quarry... s..000. 2006 Pawlet: Vie. calosemacslaveearaios W. F. Hillebrand. . 2.791 
Auldi&iCongers a. aacee eees Well ii Mits.tare srarneock octaves sore W. F. Hillebrand. . 2.7627 
McCarty quarry....0....5.5-+ South Pouliney: .¥ Vitis eaten W. F. Hillebrand. . 2.8064 
American Black Slate Co.....|Benson, Vt.. a SRA os W. F. Hillebrand. . 2.7748 
American Black Slate Co.....|Benson, Vt... ctete =, 2.764 
American Black Slate Co... .. Benson, V bare een tee eae 2.786 
National Red Slate Co........|Raceville, Washington C bo INI Galle 2.7839 
National Red Slate Co........ Raceville, Washington Co., N.Y.}|. 2.7171 
Empire Red Slate Co......... Granville, Washington Co., NBY: 2.8085 
Peach Bottom, Pa.-Md.*....... 2.894 
Chapman Paris ane ian 2.79 
Albion: Pat sieacek nncke.teciinee 2115 
Ranson wanton re anyin a Nene 2.780 
Westmoreland, England......... G. Vog DA 
Delabole, Cornwall, England...| J. A. Phillips RECT: 2.81 
Mohradorf, Austria, Silesia... .. INUKOME SF io ets cce 2.78 
Make Districy, (binglandenssasseilemeter rehire { Z ee 


* Average of 12 specimens. 


TABLE 63. — COMPARATIVE TESTS OF ROOFING SLATES. 


(MERRIMAN. ) 
| BO Ae > s s 
q Ro CS} Yo= ° HS 
e533 |g22 | [822 | ey [822 
eo |: eos 8 Sof | $85 || 88 
Bee (aca .| &s |2eeel 88 aed 
é Bs S|] AVS s Ho 9] Bao (Sa 9 
Locality. Color. |S°oP%s|\ 22s] Ie || 2oR l fatal |p s 
BESABSES| PS |eaa’y S lees 6 
Osa |88a 2% (S888) bog SF aa 
Pos Issa a a8 36) 22.8 lon 
D 6 3 S BH ne OT 
ga& (ese | a [Se | 2? |sa2 
att (ee A ow Os 
Maine district: 
Merrill Slate Co., Brownville. |Gray...... 9,880 | 0.200} 2.798 | 0.265 | 0.148 | 0.305 
Monson Consol. Slate Co., 
MONSON! 5580 Snncinnaiseue coke CGTAVs er 9,130 0.205 | 2.794 | 0.256 0.188 0. 286 
New York-Vermont district: 
Matthews Slate Co., Granville|Green..... 8,050 | 0.190 | 2.7838 | 0.226] 0.374 | 0.379 
Matthews Slate Co., Granville|Red....... 9,220 | 0.232 2.848 0.148 0.243 0.373 
Vermont Green Slate Co...... Green..... 6,410 | 0.225 | 2.771 | 0.341 0.231 | 0.295 
Rising & Nelson.............. Green..... 7,250 | 0.207 | 2.786 | 0.190 | 0.325 | 0.768 
Lehigh district: Penn.-N. J. 
Chapman Slate Co., Chapman, 

PA mackie fo Sas eae ee Dark gray 9,460 0.212 2.764 0.208 0.231 0.383 
Albion quarry, Pan Argyle....|........... 7,150 0.270 ZOulaeasaaale \OL238 0.547 
Old Bangor quarry, Bangor. . aeiaiete cen 9,810 0.312 DATEO Aor 0.145 0.446 

Peachbottom district: Penn.-Md. 
Locality not stated J... 0:05. 'hocsrest sos T2600) OF29S I 2E8945 | Moe ee 0.224 | 0.226 
Virginia district: 
Williams Slate Co., Arvonia ,.|Dark gray | 9,040 | 0.227 | 2.781 | 0.060 | 0.143 | 0.394 
Pitts quarry, Arvonia........ Dark gray 9,850 | 0.225 2.791 0.108 0.216 0.323 


List of References on Properties and Testing of Slates. — The 
following brief list will serve to direct the reader’s attention to 
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the only papers on this subject which seem to contain matter of 
Serious importance. 


Dale, T. N. Slate deposits and slate industry of the United States. 
Bul. 275, U.S. Geol. Sur., pp. 45-50, 122-125, on tests of slate. 

Merriman, M. The strength and weathering qualities of roofing slates, 
Trans. Amer. Soc. Civil Engineers, Vol. X XVII, pp. 331-349. 1892. 

Merriman, M. The strength and weathering qualities of roofing slates, 
Trans. Am. Soc. C. E., Vol. XXXII, pp. 529-543. 1894. 

Merriman, M. Recent tests of various roofing slates. Bull. 275, U. S. 
Geol. Sur., pp. 122-124. 1906. 


DISTRIBUTION AND PRODUCTION OF SLATE. 


Geologic Distribution of Slates. — The formation of a deposit 
of roofing slate, as has been explained in previous sections, in- 
volves the existence of clayey sediments in an area which under- 
goes extreme metamorphism. The geologic age of the original 
clay beds does not enter into the problem, except that as a 
general thing the older beds, having a longer history, have had 
more chance of being metamorphosed. But unless the inquiry 
be limited to particular geographic or geologic areas, it is not pos- 
sible to say in advance that the rocks of any particular geologic 
period are likely to be slate-bearing. 

If, however, the question is so limited to particular areas, 
geologic history will afford some guidance in the search for slate. 
In the eastern and southeastern United States, for example, all 
of the known slate deposits are of either Cambrian or Ordovician 
age; because in the New England and Appalachian region these 
rocks were involved in the general metamorphism of the region 
while the Carboniferous and newer rocks were deposited after 
the bulk of the metamorphic action had ceased in this area. In 
the western states, on the other hand, where earth movements 
of great intensity took place much later in geologic history, we 
find clayey sediments of Jurassic age converted into slate. The 
slates of the Lake Superior region, in Michigan and Minnesota, 
are even older than those of the eastern states, for all of the 
Lake Superior slates date back to pre-Cambrian time. 

Geographic Distribution of Slates. The geographic distri- 
bution of slate deposits in the United States, as may be inferred 
from the preceding section, is fixed by the geologic history of 
the various portions of the country. Wherever clayey sediments 
have existed in any region, during a period when the region in 
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question was subjected to metamorphic action, we may fairly 
expect to find that in part of their extent at least these clayey 
sediments have been converted into slates. Since the physical 
results of earth movements are most extreme in cases where 
relatively soft rocks are pressed against or between masses of 
harder rocks, it is natural enough to find that slaty cleavage is 
best developed under these conditions. Accordingly, practically 
all of the important slate deposits occur in areas where clayey 
sediments had been deposited along an older granite shore line; 
and where these sediments were later pressed against the less 
yielding granites and gneisses. In New England and the Appa- 
lachian region the clayey sediments were deposited during the 
Cambrian and Ordovician periods along a shore line of pre- 
Cambrian gneisses and schists; and during subsequent earth 
movements many of the sediments were turned into slates. In 
the Lake Superior, Ozark and Rocky Mountain regions a similar 
sequence of events took place, though not at the same periods 
in the earth’s history. The geologic history of slate deposits 
therefore limits their possible geographic distribution, so that 
we find all of the important slate deposits of the world fringing 
older igneous masses. 

Chief American Quarry Districts. — For local details concern- 
ing the various slate deposits of the United States, reference 
should be made to the official report by Dale and others noted 
in the bibliography on page 125 of this volume. In the present 
place only brief mention will be made of the more important 
American slate districts. The map accompanying Dale’s report 
shows the location of the present producing districts, as well as 
of a number of the more promising prospects. 

For a reason suggested in the previous section, the American 
slate districts follow in their general distribution the granite areas. 
We have, therefore: 

1. Extensive slate deposits along the Appalachian belt, from 
New England to Alabama. In this region the slates are all of 
Cambrian or Ordovician age, and represent original clayey beds 
which were violently stressed against and between the older and 
more resistant masses of pre-Cambrian granites, gneisses and 
schists. The principal producing areas within this extensive 
general belt are the isolated Monson district of Maine; the im- 
portant area along the New York-Vermont border; the Lehigh 
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region of Pennsylvania-New Jersey; the Peachbottom region of 
Pennsylvania-Maryland; the separated Esmont, Arvonia and 
Snowden areas of Virginia; and less well-developed areas in 
eastern Tennessee and northwest Georgia. 

2. Extensive but little developed slate deposits bordering the 
massive rocks of the Lake Superior region, in Minnesota and 
Michigan. 

3. Separated small areas in Texas and Arkansas, fringing 
regions of great local earth movement. 

4. Scattered and mostly undeveloped areas along the Rocky 
Mountain and other western mountain chains; the only developed 
district being in central California. 

Chief Foreign Districts.—British slates are obtained principally 
from three districts: North Wales, Cornwall and Westmoreland. 
The Welsh slates are green, purple, black and pale gray in color; are 
quarried largely near Llanberris, Penrhyn, Ffestiniog, Llangollen, 
Carnarvon and Bangor; and are shipped from Portmadoc and 
other ports. The Cornish slates are gray to blue in color, are 
quarried at Delabole and shipped from Tintagel and Boscastle. 
The slates of the Lake district of Westmoreland are light blue 
to light green in color, are quarried near Kendal and are rarely 
exported. Other districts in England, as well as in Ireland and 
Scotland, produce smaller amounts of slate. 

The principal slate deposits of France are located in two quite 
distinct districts, one being near Angers in the Department of 
Maine et Loire and the other in the Ardennes. The slates 
quarried in the first district, at Angers and Poligny, are dark 
blue in color and are shipped from Nantes. The Ardennes slates 
are quarried at Rimogne, Fumay and Deville. 

Dressing of Roofing Slates. — Roofing slates pass through 
three operations — blockmaking, splitting and dressing — be- 
fore they are ready for the market. At times they are further 
subjected to punching or to counter-sinking, according to the 
requirements of the purchaser. All of these operations were for- 
merly carried on by hand, and at most small quarries and some 
large ones hand labor is still depended on for most of the work. 
Some of the operations can, however, be done more economically 
by machinery. 

The slate is hoisted from the quarry in slabs which average 
perhaps 6 feet by 3 feet by 13; feet. When hand dressing is 


[116] Fig. 18.—Slate dressing: the beginning of sculping. 
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depended on, these slabs are loaded on a tram car and pushed to 
the dressing sheds, a series of little sheds or cabins each occupied 
by a dressing gang. A dressing gang includes three men — 
a blockmaker, a splitter and a dresser. Ordinarily each gang 
takes contracts from the company at a fixed price per square of 
finished slate, the receipts being divided by the three members 
of the gang in fairly equal proportions, though the dresser or 


Fig. 19.— Slate dressing: sculping. 


trimmer usually gets a little less than the other two. The work 
is divided and carried on as follows: The blockmaker takes the 
large slabs or blocks above noted and cuts them into manageable 
slabs about 2 feet by 13 feet in size and 2 inches thick. This 
is done with the chisel. In making the cut across the grain the 
operation is called ‘‘sculping,” and is shown in Figs. 18 and 19. 
A V-shaped notch is first cut in one side of the slab with the 
gouge (Fig. 18), after which the splitting chisel is held with 
edge vertical in this notch and struck with the hammer (Fig. 19). 
The slab is now passed on to the splitter, whose special tool 
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is the thin splitting chisel (Fig. 20), 10 to 15 inches long, and 
with an edge 2 to 34 broad. One or more of these are driven 
into the slate, along some cleavage plane, with the maul, and 
are then worked backward and forward by hand until the slate 
splits. The splitting is continued until the slates are reduced 
to the proper thickness, which may be from one-eighth to one- 
fourth inch. The slates, now of proper and uniform thickness, 


Fig. 20.— Slate dressing: splitting. 


but of irregular shapes, are given to the dresser or trimmer, 
who formerly trimmed them to size with a knife. At present 
hand- or foot-power dressing machines are employed every- 
where — the general design being a long knife, set vertically and 
hinged at one end, while the other end is alternately raised and 
lowered by hand or by a treadle. 

At a large Pennsylvania quarry the slate blocks were delivered 
by the company in front of the dressing sheds, and tools were 
furnished and sharpened at company expense, while the dressing 
gang received the following prices per square of finished slate: 
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No. 1 quality.............$1.10 per square 
Intermediate quality....... 1.00 per square 
No. 2 quality............. .90 per square 


It has been noted that machine work is now employed for some 
of these operations. Splitting is still done by hand labor, as. 
mechanical splitters have rarely given good results. The blocks,, 
however, are usually given at least one sawed edge before being: 
handed to the splitter, this being done on a sawing table with 
vertical saw, such as is used in preparing mill stock. 

Measurement of Roofing Slates. — Two different units of 
measurement are employed in the slate trade, the square and the 
mille, the former being used at all American quarries, while the 
latter is found in French and English markets. 


The square is the number of slates of a given size necessary to 
cover 100 square feet of roof, with a given lap. Let 6 equal 
breadth of slates, d equal length of slates and / equal lap. Then 
bd — bl 

2 


This formula may be used for computing the number of 


the number of slates to the square will equal 14,400 = or 


28,800 
bd — bl 
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slates to the square for any given size and lap; but for convenience 
table 64 is inserted, which gives this information for the ordinary 
sizes of slates with a three-inch lap. 


TABLE 64.— NUMBER OF SLATES PER SQUARE. 


Number of Number of Number of 
Size of slate. slates per Size of slate. slates per Size of slate. slates per 
square. square. square. 
7X3 2400 IOS 7 588 16x10 222 
7x4 1800 10x 8 515 16X12 185 
7X5 1440 12x 6 534 18x 9 214 
8x4 1440 12x 7 458 18x10 192 
8x5 1152 12x 8 400 18x11 175 
8x6 960 12x 9 356 18x12 160 
9x4 1200 12x10 320 20 < 10 170 
9x5 960 14x 7 374 20x11 154 
9x6 800 14x 8 328 2012 142 
ONag 686 14x 9 291 22X11 138 
9x8 600 14x10 262 22x12 127 
10 x4 1089 14x12 219 24x12 115 
105 822 16x 8 277 24x14 98 
10 X6 685 16x 9 247 


The mille, which is a unit much used in Kurope, is nominally 
1200 slates of any given size. As slates are shipped at the pur- 
chaser’s risk, however, 60 slates are added to cover breakage, 
so that the actual mille contains 1260 slates. The number of 
squares in a mille will of course vary according to the size of the 
slate. 

In the English and Welsh slate trades certain fanciful names 
have long been used for the different sizes of roofing slates. These 
names are not always uniformly applied in the different British 
slate districts, and of late years they seem to be falling some- 
what into disuse. But as they are still frequently met with both 
in export business and in trade literature the following table* has 
been inserted in explanation of the terms. 


* Notes on Building Construction, Part III, p. 29. 
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NAMES AND SIZES OF BRITISH SLATES. 


Sold by weight. Size. Sold by size. Size. 
Inches Inches 
Queensiuchyer. wale 36 X24 || Ladies, large............. 16x 8 
EAS eee ras tee rns ee 36X24 || Ladies, small............ 14x12 
Emperialsae sn ee 30X24 || Ladies, small............ 14X10 
; hadiesscmallie eee. 14x 8 
Sold by size. Wadieswcinaal leer eee 14x 7 
[BOVIS cco coccoseueces PLOp-< 1G || IDX OES. o booconocucceene 13x10 
IPTINGESSES Ms sists oe ees, 24 <l4s ee Doublesemerrer. eee ee IED 7 
DuCheSses: ©. cernce us iste os PENS APA I] MRSS. g docs coeonade base 12x 8 
Marchionesses............ 22> Cl 2a leSinglesmamer ee tee 12x 6 
Marchionesses, small...... OPP SCAIM EIT Soiba¥ed (Iss wo.deadnamen nas ee 11x 6 
@ountesses*.e eat oe 20) GLOR le Sin cle seeane ser eeu 10x 8 
Viscountesses............. TS S<lOell aSinglesiwrs.e see) hag er 10x 6 
Viscountesses, small...... USS Oli yale. Bo bbeokoosee bor 10x 5 
Wadiesslargess ease. 16x10 


Thickness. — The thickness of a roofing slate varies usually 
with the size of the slate, decreasing with its area. In Welsh 
practice* the following rule is observed: 


Thickness. 


Size of slate. 
First quality. | Second quality. 


Inches. Inch. Inch. 
22x11 to 24x 12 Bs A 
16x 8 to 20x10 + 1 
13x 7 to 14x12 $5 * 


Slates are graded according to their smoothness of surface, 
even thickness, and (in some districts) uniformity of color. 
Usually two grades will cover the output of any given quarry, 
but occasionally a third grade is employed. 

Roofing slates are always cut so that the longer sides of the 
slate are in the direction of the grain. This is done not only to 
secure ease of dressing, but to give additional security for slate 
roofs. If a slate so cut be broken while on the roof, the fracture 
will be in the direction of the grain, and the two fragments of the 
slate will still be held by single nails; while if the slate had been cut 
in the opposite direction (7.e., longer sides across the grain) the 
lower part of a broken slate would have nothing to hold it on the 
roof. 

* Notes on Building Construction, Part III, p. 28. 
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Statistics of Slate Production.— The following statistical tables 
are quoted from the current volume of Mineral Resources United 


States. 


The following table shows the total value of the slate produced 
in the United States from 1905 to 1909, inclusive: 


TABLE 65.—VALUE OF SLATE PRODUCED IN THE UNITED 
STATES, 1905-1909, BY STATES. 


State. 1905 1906. 1907. 1908. 1909. 
ATkansaseeasine mes $10,000} $5,000) $8,500 $2:500 tins cee 
Califomiaece 2.8 se 40,000 80,000 60,000 60,000 * 
Geongtaereesc crake 7,500 S000 sree lone eee 2 ‘ 
IVES COR Naira nec ceecrcon 224,254) 238,681} 236,606 213,707| $227,882 
Marylanders aac 151,215) 180,969) 116,060 102,186 129,538 
INewsJerseyans soe PATO ices Bayo ce 8,000 ! 130.619 = 
INewnviork tress cee 66,646 72,360 83,485 Y 107,436 
Pennsylvania......... 3,491,905] 3,522,149| 3,855,640] 3,902,958] 2,892,358 
Wermiont: se) bso. 1/352/541) 1,441,330| 1,477,259] 1,710,491| 1,841,589 
Virginia.............. 146,786] 172,857| 173,670; 194,356] 180,775 
Other States f...... call anatereoede caller sate eed tell beeeicce mere Ml hoe ee emis 61,840 

Potalien oe be 5,496,207| 5,668,346] 6,019,220} 6,316,817| 5,441,418 


* Included in ‘‘ Other States.”’ 


+ Includes California, Georgia and New Jersey. 


The following table shows the value of slate produced for 


roofing and for mill stock from 1905 to 1909, inclusive: 


TABLE 66.— VALUE OF ROOFING SLATE AND MILL 
STOCK, 1905-1909. 


Roofing slate. 
Value of mill stock. Total value. 
Number of squares. Value. 

1905 1,241,227 $4,574,550 $921,657 $5,496,207 
1906 1,214,742 4,448,786 1,219,560 5,668,346 
1907 1,277,554 4,817,769 1,201,451 6,019,220 
1908 1:333 171 5,186,167 1,130,650 6,316,817 
1909 Piss vis 4,394,597 1,046,821 5,441,418 


The following table shows the average price of roofing slate 


per square in the entire United States since 1902: 


1902! Prcee sarin seen moe eee $3,450 1906 Soe Ne eee et peas $3 . 66 
LOO S errr Sita eis tae mee eae SASS 1 OO (eves Maken ccf ore ee ee BHU 
LOO Ae ep actonri cnc tacaetsnctetea at eee SRLS le COS) tae te cess aiet Ae cee eee 3.89 
LOO Dt an panier eran epee PO te OP Menace tn sonah aa Wee ee A, 3.87 
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EXPORTS. 


In comparison with the total output, the value of roofing 
slate exported from this country in 1909 was very small, being 
$209,383; in 1908, $197,216 was the value of slate exported. 


IMPORTS. 


Practically no slate is imported into the United States. In 
1908 slate valued at $7227 was imported in the form of mantels, 
chimney pieces, roofing slate, slabs, etc.; in 1909, the importa- 
tions were valued at $7872, and included the same articles. 

List of References on Slate Deposits. — In the reference list 
following, only such American reports are listed as have appeared 
after the publication of Dale’s general report on the slate de- 
posits of the United States. 


United States: 

Dale, T. N., and others. Slate deposits and slate industry of the United 
States. Bull. 275, U.S. Geol. Sur., 154 pages. 1906. 

Dale, T. N. Note on a black roofing slate from Nevada. Mineral Re- 
sources U.S. for 1908, Vol. 2, p. 532. 1909. 

Lewis, J. V. Building stones of New Jersey. Ann. Rep. State Geol. 
N. J. for 1908. pp. 99-107 devoted to New Jersey slates. 

Perdue, A. H. The slates of Arkansas. Bull. 4380, U.S. Geol. Sur., pp. 
317-334. 1910. 


Great Britain: 

Davies, D. C. A treatise on slate and slate quarrying. 12mo., pp. 186, 
4th ed. London, 1899. 

Hull. The building and ornamental stones of Great Britain, etc., 8vo., 
London, 1782. British slates discussed on pp. 286-298. 

Kinahan, G.H. The redevelopment of the slate trade in Ireland. Trans. 
Inst. (Brit.) Min. Engrs., Vol. 25, pp. 670-677. 1903. 

Marr, J. E. Notes on the geology of the English lake district. Proc. 
Geol. Assoc., Vol. 16, pp. 449-483. 1900. 

Postlethwaite, J. The geology of the English lake district. Trans. 
Inst. (Brit.) Min. Engrs., Vol. 25, pp. 302-330. 1903. 

Reade, T. M., and Holland, P. The green slates of the Lake district. 
Quarry, Jan. 1, 1902. 

Thomas, J. J. Westmoreland slates; their geology, chemistry, and 
architectural value. Jour. Royal Inst. Brit. Arch., 3d_ series, 
Vol. 3, pp. 194-200. 1896. 

Anon. The Welsh slate quarries. Eng. and Min. Jour., Dec. 31, 1898. 
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Continental Europe: 

Bennett, H. D. The slate quarries of Angers (France), U.S. Cons. Rep., 
No. 124, p. 115, Jan., 1891. 

H. J. W. Thuringian quarries. Stone, September, 1896. 

Kruger, R. Die naturlichen Gesteine. Leipzig, 1889. pp. 123-136, 
slates. 

Watrin, N. Les ardoisieres des Ardennes. Charleville, 1898. 

Anon. Stones from Norway and Sweden. Stone, April, 1896. 


CHAPTER VIII. 
SANDSTONES. 


Scope of Term Sandstone. — The term sandstone is here used 
in a general way to include all the sedimentary rocks which have 
originated through the consolidation of beds of sand or gravel, as 
well as the scarcer beds of tuff. In this sense the sandstones are 
purely mechanical deposits, always of immediate sedimentary 
origin, and are predominantly siliceous in composition. As noted 
in a later paragraph, the term sandstone as here used covers not 
only the sandstones proper, but also the conglomerates and breccias. 


ORIGIN AND COMPOSITION. 


Origin of Sandstones.— The sandstones have originated 
through the gradual consolidation of beds of sand and gravel, 
this consolidation being primarily due to the pressure of over- 
lying beds exerted during long periods of time. Such pressure, 
acting alone, would probably have been insufficient to secure 
any high degree of consolidation. In most cases, however, a 
cementing material of some sort was either originally present in 
the beds of sand, or was introduced at some later period, so 
that the present degree of consolidation is due to the combined 
effects of pressure and cementing material. In some cases, the 
cementing material was clay originally deposited with the sand; 
but in the majority of instances the cementation was effected by 
the infiltration of waters containing dissolved silica, lime car- 
bonate, or iron oxide. Whether these mineral-bearing waters 
permeated the sand bed before it was covered by other deposits, 
or whether they were subsequently introduced into the rock, the 
final effect was the same, for the dissolved substances were 
ultimately precipitated around and between the grains of sand, 
so as to cement them together. 

The result of this method of origin is that, on examining any 


sandstone or conglomerate, two different types of constituents 
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can usually be determined. First, there are a multitude of 
grains or pebbles of sand, gravel, etc. Second, surrounding and 
cementing these grains together is a matrix of clay, of clear silica, 
of iron oxide, or of lime carbonate, as the case may be. 

Origin of Tuffs. — Owing to their considerable extent and im- 
portance in the western United States, one particular class of 
sandstones deserves separate mention here, since both in origin 
and in composition it differs from the normal type of sandstone. 
The class in question is that which includes the tuffs, which are 
beds of consolidated volcanic ash. When volcanic ash falls upon 
a land area, it rarely becomes sufficiently consolidated to be of 
structural importance. If it falls into lake basins or other bodies 
of water, or if it is carried by running water into such basins 
without being mixed with much other material, the water- 
deposited beds of ash may later become almost as hard as other 
sandstones. 

Chemical Composition of Sandstones. — The sandstones vary 
considerably in chemical composition, the variation being due 
not only to differences in the character of the original grains, 
but to differences in the composition of the cementing material. 


TABLE 69. — AVERAGE ANALYSES OF AMERICAN 


SANDSTONES. 
A iB: 
Sili@aa(SiOs) hes cre eee eee et eee ee reer ete 78.66 84.86 
Ji fovoonba te PR OUI OO teak Ne a one deers 5 chy Geen cl ooo Oo 5.03 6.37 
IStermreoroxaels (MOM oc oon ooksomosdedovedsoos odes 1.08 1.39 
IRRROUS: OMG) (EGO Nac osc escbeonssewosaooodahase 0.30 0.84 
irrten(@ a ORNs ee terete re te ae eee DnO2 1.05 
Migiorresian (Nig ©) a5 ae ror ase ieee ene oer one eee ee 7. 0.52 
Soday (ING 50) ewe Ate e iter etna nme Sesto Seen 0.45 0.76 
Potash dhs) ie oer eg te eae are Ae et eae 1.32 1.16 
Rhosphorusspentoxiden(2>O;) ae een ee 0.08 0.06 
SUMO AUIE WROYTCE (SOM oc oo onosshadocesscsonescue 0.07 0.09 
Carbonkdroxiden(CO>) erasers a nee 5.04 1.01 
Combined swater jae. seen ee ioe 1.47 
INVOIS GUNG Seis ae oe ke ao rea a ey ee 0.31 0.27 
* Including titanic oxide (TiO). { Including organic matter. 


A. Composite analysis of 253 samples of American sandstones, use not 
stated. H. N. Stokes, analyst. 

B. Composite analysis of 371 samples of American sandstones used for 
building purposes. H. N. Stokes, analyst. 
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A sandstone composed of quartz grains, cemented by quartz, 
would naturally show on analysis a very high silica percentage. 
On the other hand, a sandstone composed of grains of quartz, 
feldspar, mica, etc., cemented together by iron oxide or lime car- 
bonate, might not show over 75 or 80 per cent of silica. 

It is difficult, from a series of analyses such as is given later, to 
secure any very definite idea of the average composition of the 
group as a whole. This is accomplished, however, by Table 69, 
immediately preceding, which gives average results of consider- 
able interest. 

Value of Chemical Work on Sandstones. — The value, from 
the engineer’s point of view, of a chemical analysis of any par- 
ticular sandstone which may be under investigation at the 
moment, will depend upon a number of factors. 

The writer’s opinion on this subject may be summarized as 
follows: 

(a) If a specimen of the stone is available for examination, 
with or without the use of a hand lens, the results reported by 
the analyst can usually be interpreted with considerable confi- 
dence and accuracy. In this case, the chemical analysis can be 
made to afford information of distinct value to the engineer, for 
ocular examination of the stone will usually decide which of the 
elements reported exists in the component grains, and which in 
the cementing material. 

(b) If no specimen of the stone is available, and it happens 
that some sort of judgment must be given on the basis of the 
chemical analysis alone, the case is far less satisfactory, but still 
not entirely hopeless. Under these circumstances, the engineer 
must look with suspicion on any lime, magnesia, alkalies, or 
carbon dioxide found in the report of the analysis; and must 
remember that, other things being equal, the percentage of silica, 
or at times of silica plus alumina and iron, is a rough but fairly 
trustworthy index to the structural value and probable durability 
of the stone. 

The Interpretation of the Chemical Analysis. — A complete 
analysis of a sandstone, or, to be more accurate, an analysis 
complete enough for all practical purposes, will result in deter- 
minations of the following constituents: Silica (SiO,), alumina 
(Al,O3), ferrous oxide (FeO), ferric oxide (Fe.O;), lime (CaO), 
magnesia (MgO), potash (K:0), soda (Na,O), carbon dioxide 
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(CO:), combined water, and moisture. In some cases it may be 
advisable to determine also sulphur and carbon or organic matter. 
If the analysis be made by an ordinary commercial chemist it 
may be safely assumed that his results on potash and soda are 
absolutely worthless, and that his silica and alumina were not 
completely separated. Fortunately, however, as will be seen 
later, these errors of poor analysts are not so harmful as they 
might appear, owing to the curious fact that if a deleterious con- 
stituent be reported too low, some other deleterious constituent 
will be reported too high; while the beneficial constituents of the 
sandstone tend to balance themselves in similar manner. 

As a rule it will be safe to assume, in trying to interpret a 
sandstone analysis, that the bulk of the silica reported is repre- 
sented by the sand grains; and that the other constituents re- 
ported — iron, lime, magnesia, etc. — are probably: from the 
cementing material. In any given case, examination of a hand 
specimen of the rock will give a sufficiently accurate idea of the 
truth of these assumptions. 

Under ordinary conditions, therefore, high percentages of lime, 
magnesia, and alkalies are characteristic of the less durable 
sandstones; while high silica is characteristic of the better class 
of stones. The type exemplified by the bluestone of New York 
and Pennsylvania must, however, be borne in mind, for in this 
type the silica is not high, while alumina is present in notable 
quantity, the cementing material being clayey in composition. 
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TEXTURE AND PHYSICAL PROPERTIES. 


Shape and Size of Grain. — The sedimentary siliceous rocks 
are given various names according to their texture. If the com- 
ponent grains are small and of fairly uniform size, the rock is 
properly a sandstone ; if the rock contains numerous rounded peb- 
bles, it is a conglomerate ; while if it is composed of large angular 
fragments, it is a breccia. Regarded as structural materials, how- 
ever, the sandstones proper demand most consideration, for 
conglomerates are rarely used for building purposes while breccias 
are still more rarely employed. 

Composition of the Cementing Material.— The cementing 
material, as noted on a preceding page, may be quartz, clayey 
matter, iron oxide, or lime carbonate; and a descriptive adjective 
is frequently employed to describe these differences. When 
quartz or silica is the cement, the rock is a siliceous sandstone; 
while when iron oxide or lime carbonate bond the grains together 
the terms “ ferruginous sandstone ”’ and “‘ calcareous sandstone ”’ 
are respectively used. In some sandstones the cementing ma- 
terial is clayey or argillaceous. 

As regards the respective strength and durability of sandstones 
with different kinds of cementing material, other factors may 
vary so much that it is not safe to rely on any general rule. 
Other things being equal, however, the best cementing material 
is silica, followed by clay, iron oxide, and lime carbonate in the 
order named. The last is by far the worst. 

Value of Microscopic Work on Sandstones. — When a thin 
section of sandstone is examined under the petrographic micro- 
scope, the investigator may hope to secure data covering the 
following points: (1) mineral character of the component grains; 
(2) size and shape of grains; (8) mineral character of cementing 
material; (4) relative proportion of cementing material to grains. 
In addition to these four points, all of which are usually readily 
determinable, it is sometimes possible to form some idea as to 
(5), the probable tenacity and durability of the cementing ma- 
terial. This fifth point is the one of greatest interest to the 
engineer, and if it were possible to express microscopic results on 
this point in some quantitative manner the trouble and expense 
of the investigation would be entirely justified. Even as it is, 
it will be safest to have the matter investigated in this way. For 
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it must always be borne in mind, that in dealing with ordinary 
sandstones we are dealing with the weakest and most uncertain 
of all building stones, and that nothing should be overlooked 
which may throw light on the possible future behavior and 
durability of the particular sandstone which may be under 
examination. 

Physical Properties of Sandstones. — In the following tables 
are presented the results of tests of strength, density, etc., on a 
large number of American and British sandstones, 
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TABLE 72. — PHYSICAL PROPERTIES OF SANDSTONES: 
ENGLAND. (BrEarz.) 


Compressive 

: Specific | Pounds per | Absorption,| strength, 

Locality. gravity. | cubic foot. | percent. | lbs. per sq. 
inch. 
Priudhamtesccneoe eee eee 2.28 142.5 4.66 7,080 
@ormeocklednasycsoe saree: 2.125 132.6 4.57 5,970 
Gunnertonteec set sek oem eee 2.095 130.8 5.16 5,515 
CRAG ee reece eee oe eee 2218 136.1 4.13 8,925 
Corsehill ax oc ee eee eee 2.09 130.4 7.94 6,920 
Polini aisene, Mae cre achae ea ere eee 2227, 141.7 4.58 8,580 
WihitesPleanna1cen nas aoe 2.215 138.2 4.25 9,535 
ATDrOat hy eerrice ce ere er ee 2.42 151.0 2.32 8,680 

Auchinlee ie i nee ee re 2.065 128.9 6.90 3,170 » 

Craivlerthermc setae ae eee 2.22 138.6 3.61 13,410 
Wihiteall ales sans ss eee e ria ane eee 2.305 143.8 3.71 10,300 
Dean Horestassges oe ee ee 2.425 151.4 2.71 8,245 
Gatelawbridge nya oe 2.075 129.5 5.84 7,710 
BluctElaileses encase coe 2.295 143.2 4.70 7,150 
IB INNO we eae Pee ree Meee 2.165 135.1 5.22 8,850 

Henmand tess nee eerie 2.285 142.6 4.70 G20e 
HowleysBark seer eee eee 2.247 140.3 4.90 7,260 
WihitesGrinshitl lee ce eee 1.963 122.5 7.80 3,260 
Darley lop ce. ct. creme cee 2.227 139.0 3.40 8,040 
IETercul esp Lidl 2 Gaiters re nee 2.21 138.0 3.60 5,225 
Bram Gyelell ae aet ereetntae QA 132.2 sO) 3,710 
IA GeWwOrtlion setpn Gore ee hee ee ae 2.253 140.7 5.00 6,055 
Robinviloodmasscc peer ee 2-313 144.6 3.90 8,930 
Dighteluttetay ne eerie 2.398 149.6 2.30 15,870 
ASDathidicn utr acti eee aCe 1.973 123.2 8.50 3,540 


WORKING CLASSIFICATION OF SANDSTONES. 

The Necessity for Subdivision. — It has previously been stated 
that sandstones vary greatly in their composition, structure, and 
other physical properties, and in preceding statements some 
attention has been paid to the character and extent of these 
variations. In view of the facts there developed, it will be 
readily understood that it is very difficult to frame a subclassifi- 
cation of sandstones which shall be detailed enough to include 
all the important types and which shall at the same time be 
serviceable for general use. On the other hand, it is absolutely 
necessary, from the engineering point of view, that some such 
grouping be formulated, for without some attempt at subdivision 
it would be impossible to discuss satisfactorily the physical and 
industrial properties of a class including such diverse members. 

Class A. Quartzites and Quartzitic Sandstones. — Dense, 
compact stones, composed of sand grains imbedded in a siliceous 


SANDSTONES 143 


eround mass; occasionally the cementing material also contains 
iron oxide, but never lime or clay, and the silica is always pre- 
dominant. Owing to their composition and structure, their 
porosity and absorption are always low, and their compressive 
strength high. Prominent American examples of this group are 
the Kettle River sandstone of Minnesota, and the Ablemans 
quartzite of Wisconsin. Both in this country, in Canada, and 
in Europe stones of this class occur almost exclusively in the 
pre-Cambrian and Cambrian geologic periods. 

Class B. Graywackes and Dense Flagstones. — The stones 
of this group are often as dense and compact as those of Class A. 
Like them the constituent grains are commonly of pure silica 
(sand), but the cementing material usually contains not only 
silica but also clay, and occasionally notable percentages of iron 
oxide; never, however, does it contain more than a trace of lime 
carbonate. In this class the density is not due so much to the 
thorough cementation by silica, as to the effects of long-continued 
pressure acting on a more clayey cementing material. Stones 
of this group include most of the “ graywackes ” of Europe, the 
well-known Hudson River bluestone of New York, and other 
prominent flagging stones. Since long pressure and at least mild 
heat were necessary for their consolidation, stones of Class B 
are commonly found in the Cambrian, Silurian, and Devonian 
rocks, and rarely higher (at least in the greater portion of the 
United States). 

Class C. Normal Sandstones, Including most ‘‘ Freestones.”’ 
— In this class would be included the sandstones of medium den- 
sity and strength which comprise the bulk of the sandstones used 
for ordinary building operations. They are markedly lower in 
density and hardness than the stones of Classes A and B. Owing 
partly to this fact, they are more readily cut and dressed in all 
directions than are the more resistant quartzites and flagstones. 

Class D. Porous Sandstones. — This class includes a number 
of porous, loosely compacted sandstones, much inferior for all 
structural purposes to those included in the preceding classes. 
Many of them, the Acquia Creek sandstone of Virginia being a 
well-known example, are of relatively recent geologic age. 

Geologic Distribution of Sandstones. — Since sand beds have 
formed in all ages from the pre-Cambrian to the present day, it 
is no matter for surprise that commercial sandstones are found 
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representing almost all of the different geologic periods. In this 
respect sandstones show a far wider and more general distribu- 
tion than the granites, and probably wider even than the lime- 
stones. 

The three most important quarry areas of the United States 
operate. respectively on: 

1. The Devonian ‘ bluestones’’ of New York and Pennsyl- 
vania. 

2. The Devonian and Carboniferous sandstones of Ohio. 

3. The Triassic ‘‘ brownstones ”’ of the middle Atlantic states, 
Massachusetts, and Connecticut. 

Production of Sandstone in the United States. — The tables 
following, revised from those annually published by the United 
States Geological Survey, contain data on the American sand- 
stone industry, covering a series of years. 


TABLE 73. — SANDSTONE PRODUCTION OF THE UNITED 
STATES, 1899-1909. 


Year. Value. Year. Value. 

1899 $5,725,395 1905 $10,006,774 
1900 6,471,384 1906 9,169,337 
1901 8,138,680 1907 8,871,678 
1902 10,594,483 1908 7,594,091 
1903 11,262,259 1909 8,010,454 
1904 10,273,891 1910 7,930,019 
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TABLE 74.— SANDSTONE PRODUCTION OF THE UNITED 
STATES, 1905-1909, BY STATES. 


State 1905. 1906. 1907. 1908. 1909. 
Alabama.......... $28,107; $40,467)  $48,673| $34,099] $77,327 
ee eee 65,558]  33,149| 158,435] 396,358] 298,335 
AT Kans aGaee ones ee 58,161 55,703 94,275 42,463 67,956 
Galiforniany.- oes 685,668 642,166 437,738 330,214 290,034 
Colorado.......... 453,029} 286,544, 299,443; 181,051/ 197,105 
Connecticut. ... 62,618 (*) (2) 55,949 b 
Kdabows oe 22-265| 11,969] 24,001; 33,304 + ~—«:29, 263 
PinOise ees hee 29,115 19,125 14,996 12,218 26,891 
indians ene 15,421 30,740 15,425 3,342 4,119 
Lowake oat 9,335 5,600 3,542 2,337 2,443 
Kansas............ 79,617} 42,809] 46,831 —«67,950| +~—«:19,560 
Kentucky.......... 280,579| 125,123)  98,450/ «78,732; + ~—«-90,835 
Maryland.......... 12/984 9,533 13,859 6,262; 10,584 
Massachusetts..... 367,461 260,721 243 323 241,462) ¢ 457,962 
Michiganass. cae. 123,123 65,395 53,003 39,103 36,084 
Minnesota......... 294,640 285,433 300,204 197,184 299,358 
IMiISSOUTIC ee cee 27,686 20,951 35,289 17,954 28,763 
Montana........... 45,116} 37,462) 39,216] «51,564 73,443 
Nebraska... .. ...<= 120 6,899 LG), C7 STE Se es oe 
INevadareer eee 1500 | ears ee | See ee (¢) (f) 
New Jersey........ 294,719] 215,142| 177,667 154,422} 189,098 
New Mexico....... 101,522 42,574 12,450 9 10,410 4,9 
New York......... h 1,831,756|*e1,905,892|"c1 978,117)" 1,774,843] * 1,430,830 
North Carolina.... 4,483 3,531 AS(O5|mesnt2,206l nee eer 
North Dakota..... 1,05 44 3,260 J (*) 
Ohios ales 1,744,472| 1,426,645) 1,591,148] 1,244,752] 1,639,006 
Oklahoma. ....:..- 15,112 40,861 43,403 57,124 59,855 
Oregons 1,229 25,950 3,904 (3) 94,811 
Pennsylvania. ..... h 2,487,939] * 2,724,874] * 2,064,913] * 1,368,784) * 1,637,794 
South Dakota...... 193,408 145,966 143,585 128,554, 4 118,029 
Tennessee.......... 8,715 14,136 16,523 m n 
SMEXA Stee arene chr skersts 123,281 111,533 108,047 154,948 61,600 
\WEEGH We) Sec teere re manera 43,429 137,529 24,298 25,097 71,235 
WAIN. 6.6.0 oS nun 0% 2,000 5,100 we m 28,574 
Washington........ 124°910| 169,500] 295,585] 464,587] 335,470 
West Virginia...... 171,309 113,369} ° 197,926 127,149) 2? 201,038 
Wisconsinvses. 0. 161,741 181,986 236,183 219,130 204,959 
Wyoming.......... 33.591; 24.715] 32,252} 44,574, 13,130 

ERObahs karate 10,006,774) 9,169,337 7,594,091) 8,010,454 


8,871,678 


a Included in New York. 
b Included in Massachusetts. 
c Includes Connecticut. 


d Includes North Dakota and Oregon. 


e Included with New 
f Included in Oregon. 
g Includes Nevada. 

h Includes bluestone. 


Mexico. 


i Includes Tennessee and Virginia. 
j Included with Nebraska. 
k Included in South Dakota. 


1 Includes North Dakota. 


m Included with North Carolina. 
n Included in West Virginia. 

o Includes a small value for Virginia. 
p Includes Tennessee. 


146 


TABLE 75. —SANDSTONE PRODUCTION, 1903-1909, BY USES. 


BUILDING STONES AND CLAYS 
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Year. Building stone. Bubble and Se Peo 8+) Crushed stone. Ganister. 
1903 | $6,403,969 $917,080 | $2,863,737 $827,585 |. $187,689 
1904 | 5,125,858 799,251 | 3,045,917 | 1,041,493 136,957 
1905 | 4,702,189 818,870 | 3,008,013 | 1,008,270 186,123 
1906 4,275,669 756,762 2,866,802 889,894 284,066 
1907 3,154,783 845,859 3,451,238 987,528 308,520 
1908 2,605,381 1,039,929 2,747,489 906,317 175,325 
1909 3,349,519 642,533 2,493,250 1,212,931 240,409 


TABLE 76. — VALUE AND USES OF BLUESTONE PRODUCED 


IN NEW YORK AND PENNSYLVANIA IN 1908 AND. 1909. 


1908. 
State. ee Flagging. Curbing. Caushed re Total wine. 
New York...... $415,652 | $413,920 | $313,319 | $9,219 | $68,852 |$1,220,962 
Pennsylvania...| 186,093| 217,690| 116,197| 6,985| 14,933] 541,898 
Ocal eee 601,745 | 631,610) 429,516] 16,204] 83,785 1,762,860 
1909. 
New York...... $378, 960|¢ $264,770) $241,253] $21,224) $11,389] $917,596 
Pennsylvania 159,193} ¢ 195,525) 483,538] 70,269) 20,281 528,806 
otal anaes 538,153) 460,295) 324,791} 91,493] 31,670] 1,446,402 


a This value represents 4,129,324 square feet of stone. 
b This value represents 1,968,329 linear feet of stone. 
c This value represents 2,665,480 square feet of stone. 
d This value represents 437,281 linear feet of stone. 
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List of References on Sandstones. — The following list covers 
the principal papers and reports dealing with the sandstones of 
the United States. 


Arkansas: 
Griswold, L. S. Whetstones and the novaculites of Arkansas. Ann. 
Rep. Ark. Geol. Sur. for 1890, Vol. 3, 443 pp. 1892. 
California: 
Jackson, A. W. Building stones (of California). 7th Ann. Rep. Cal. 
State Mineralogist, pp. 206-217. 
Anon. Sandstones of California. Bull. 38, Cal. State Min. Bureau, pp. 
114-146. 1906. 
Indiana: 
Hopkins, T. C. The Carboniferous sandstones of western Indiana. 
20th Ann. Rep. Indiana Dept. Geol., pp. 188-328. 1896. Also re- 
printed partly in Stone, Vol. 13, pp. 227-238, 334-342, 456-466. 
Abstracts also appeared in the Mineral Industry, Vol. 4, pp. 559-564 
and in 17th Ann. Rep. U.S. Geol. Sur., pt. 3, pp. 780-787. 
Kindle, E. M. The whetstone and grindstone rocks of Indiana. 20th 
Ann. Rep. Indiana Dept. Geol., pp. 329-368. 1896. 
Iowa: 
Bain, H. F. Properties and tests of Iowa building stones. Rep. Iowa 
Geol. Sur., Vol. 8, pp. 370-416. 1898. 
Kansas: 
Bailey, E. H.S., and Case, E. C. On the composition of some Kansas 
building stones. Trans. Kan. Acad. Sci., Vol. 13, p. 78. 
Minnesota: 
Winchell, H. V. Minnesota Sandstones. Stone, Dec., 1896. 
Minnesota quartzites. Stone, Vol. 14, pp. 122-125. 


1897. 
Mississippi: 
Crider, A. F. The geology and mineral resources of Mississippi. Bull. 
283, U.S. Geol. Sur. 
New Jersey: 
Kimmel, H. B. The Newark system or red sandstone belt (of N. J.). 
Ann. Rep. N. J. State Geol. for 1898, pp. 23-159. 1898. 
New York: 
Bishop, I. P. Structural and economic geology of Erie County. 15th 
Ann. Rep. N. Y. State Geol., Vol. 1, pp. 305-392. 1897. 
Dickinson, H. T. Quarries of bluestone and other Devonian sandstones 
of New York State. Bull. 61, N. Y. State Museum, 112 pp. 1903. 
Eckel, E. C. The quarry industry in southeastern New York. 20th 
Ann. Rep. N. Y. State Geol., pp. 141-176. 1902. 
Gordon, J. B. The bluestone industry of New York. Stone, July, 1899. 


Ingram, H.B. The great bluestone industry. Popular Science Monthly, 
Vol. 45, pp. 352-359. 1894. 
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Lincoln, D. F. Report on the structural and economic geology of Seneca 
County. 14th Ann. Rep. N. Y. State Geol., pp. 60-125. 1895. 


Smock, J. C. Building stone in the State of New York. Bull. 3, N. Y. 
State Museum, 152 pp. 1888. 


Smock, J. C. Building stone in New York. Bull. 10, N. Y. State 
Museum, 396 pp. 1890. 

Winchell, N. H. The Potsdam sandstone at Potsdam, N. Y. 21st Ann. 
Rep. Minn. Geol. Sur., pp. 99-111. 1893. 

Ohio: 

Orton, E. The Berea sandstone of Ohio. Rep. Ohio Sec. of State for 

1878, pp. 591-599. 1879. 
Pennsylvania: 

Hopkins, T. C. The building materials of Pennsylvania: I, Brownstones. 
Appendix to Ann. Rep. Penn. State Coll. for 1896, 122 pp. 1897. 
Reprinted in part in 18th Ann. Rep. U. S. Geol. Sur., pt. 5, pp. 
1025-1043. 

West Virginia: 

Grimsley, G. P. Thesandstones of West Virginia. Bull. 4, W. Va., Geol. 

Sur., pp. 355-595. 1909. 


Wisconsin: 
Buckley, E. R. Building and ornamental stones of Wisconsin. Bull. 4, 
Wis. Geol. Sur., 500 pp. 1898. 
Wyoming: 
Knight, W. C. The building stones and clays of Wyoming. Eng. and 
Min. Jour., Vol. 66, pp. 546, 547. 1898. 


CHAPTER IX. 
LIMESTONES. 


TuoucH marbles are, from a strictly geological point of view, 
merely special varieties of limestone, they occupy so distinct a 
position in the stone trade as to require separate consideration. 
For this reason the two classes of stone will be treated in separate 
chapters in the present volume; Chapter IX being devoted to the 
consideration of the ordinary structural limestones, while Chap- 
ter X will contain data on the marbles and decorative limestones. 
The origin of limestones in general will of course be discussed in 
the present chapter. 


ORIGIN AND CHEMICAL COMPOSITION. 


Origin of Limestones.* — Limestones have been formed largely 
by the accumulation at the sea bottom of the calcareous remains 
of such organisms as the foraminifera, corals, and molluscs. 
Many of the thick and extensive limestone deposits of the United 
States were probably deep-sea deposits formed in this way. 
Some of these limestones still show the fossils of which they 
were formed, but in others all trace of organic origin has been 
destroyed by the fine grinding to which the shells and corals 
were subjected before their deposition at the sea bottom. It is 
probable also that part of the calcium carbonate of these lime- 
stones was a purely chemical deposit from solution, cementing 
the shell fragments together. 

A far less extensive class of limestones, though very important 
in the present connection, owe their origin to the indirect action 
of organisms. The “ marls,’”’ which have until recently been so 
important as Portland-cement materials, fall in this class. As 
the class is of limited extent, and includes no products used in 
structural work, its method of origin may be dismissed here. 

Deposition from solution by purely chemical means has un- 

* For a more detailed discussion of this subject the reader will do well to 


consult Chapter VIII of Prof. J. F. Kemp’s ‘‘ Handbook of Rocks.” 
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doubtedly given rise to numerous important limestone deposits. 
When this deposition took place in caverns or in the open air it 
gave rise to onyx deposits and to the “travertine marls”’ of cer- 
tain Ohio and other localities; when it took place in isolated por- 
tions of the sea, through the evaporation of the sea water, it gave 
rise to the limestone beds which so frequently accompany de- 
posits of salt and gypsum. 

Shells as Sources of Limestone.* — Most molluscan shells con- 
sist essentially of lime carbonate, with commonly very small per- 
centages (less than 1 per cent) of magnesium carbonate, and 
traces of alkalies, phosphoric acid, etc. The analyses given in 
Table 78 will serve to illustrate the composition of the shells of 
three common species of molluscs. 


TABLE 78. — ANALYSES OF VARIOUS MOLLUSCAN SHELLS. 


1 2 3 4 5 6 
Silos (SiO), awnob ogunenodsecenoc Sro0el eles OR en. dem Os2On Oslo iened: 
Alumina CAleOsarmanssste a cece OZOS 3 eecere cael testes ll coeteneralnceeomeee «| eee ee 
Tronzoxide (HesO3) .. 45-35 ase soe Onl et Os O45 erect 00401 Roane | ener 
bimern(Ca®) eens sae kate: 52.14 |53.37 | n.d. |52.86 |54.55 |54.38 
Magnesia (MgO)................. OAS ocean cena 28s acs al leek eck el fer at Rae 
Alkalies (K20, NazO)............ Ui larelhs eu Aa Be veal Ieee torcaeel (Ger chee ie erode ate 
Sulphur trioxide (SO3)............ 0.16 | 0.81 | 0.80 | 0.35 | 0.28 | 0.28 - 
Phosphorus pentoxide (P05)... .. ned 0201 nid. 050571705001) nd: 
Carbon dioxide (COz)............ 41.61 |40.60 | n.d. [41.02 |42.82 | n.d. 
LVR COT ewe peers eters er sre cue ste ease Bl ones rates | tbe aul tetceae eh lockers learn 
Oxcanicsmatlersneees aces ee 2.32 | 3.48 | 3.17 | 5.02 | 2.01 | 2.04 


1. Oyster shell; L. P. Brown and J. S. H. Koiner, analysts; American 
Chemical Journal, Vol. 11, pp. 36-37. 

2, 3. Oyster shell; How, analyst; American Journal of Science, 2d series, 
Vol. 41, p. 380. 

4. Mussel shell; How, analyst; American Journal of Science, 2d series, 
Vol. 41, p. 380. 

5, 6. Periwinkle shell; How, analyst; American Journal of Science, 2d 
series, Vol. 41, pp. 379-381. 


These analyses show that in ordinary practice an oyster shell 
may be expected to contain, as its principal impurities, several 


* Brown, L. P., and Koiner, J.S. H. Analysis of oyster shells and oyster- 
shell lime. American Chemical Journal, Vol. 11, pp. 36, 37. 1889. 

How, Dr. On the comparative composition of some recent shells, a Silurian 
fossil shell, and a Carboniferous shell limestone. American ‘Journal of Science 
2d series, Vol. 41, pp. 379-384. 1866. 
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per cent of organic matter and from a trace to 5 per cent of silica, 
iron oxide, and alumina. The amount of these last clayey im- 
purities present will doubtless vary with the cleanness of the 
‘shell, as it is probable that they are in large part purely external 
impurities. 

Chemical Composition of Limestone. — Calcite, a rock-forming 
mineral in all limestones, is carbonate of lime. A theoretically pure 
limestone is merely a massive form of the mineral calcite. Such 
an ideal limestone would therefore consist entirely of calcium car- 
bonate or carbonate of lime, with the formula CaCO3(CaO+COz), 
corresponding to the composition calcium oxide (CaO) 56 per 
cent, carbon dioxide or carbonic acid (CO2) 44 per cent. 

As might be expected, the limestones we have to deal with in 
practice depart more or less widely from this theoretical com- 
position. These departures from ideal purity may take place 
along either of two lines: 

a. The presence of magnesia in place of part of the lime; 
b. The presence of silica, iron, alumina, alkalies, or other 
impurities. 

It seems advisable to discriminate between these two cases, 
even though a given sample of limestone may fall under both 
heads, and they will therefore be discussed separately. 

The Presence of Magnesia in Place of Part of the Lime. — The 
theoretically pure limestones are, as above noted, composed 
entirely of calcium carbonate and correspond to the chemical 
formula CaCO;. Setting aside for the moment the question of 
the presence or absence of such impurities as iron, alumina, silica, 
etc., it may be said that lime is rarely the only base in a lime- 
stone. During or after the formation of the limestone a certain 
percentage of magnesia is usually introduced in place of part of 
the lime, thus giving a more or less magnesian limestone. In 
such magnesian limestones part of the calcium carbonate is 
replaced by magnesium carbonate (MgCOs), the general formula 
for a magnesian limestone being, therefore, 


x CaCO; + y MgCOs. 


In this formula x may vary from 100 per cent to zero, while y 
will vary inversely from zero to 100 per cent. In the particular 
case of this replacement where the two carbonates are united 
in equal molecular proportions, the resultant rock is called dolo- 
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mite. It has the formula CaCO;MgCoOs, corresponding to the 
composition calcium carbonate 54.35 per cent, magnesium car- 
bonate 45.65 per cent. In the case where the calcium carbonate 
has been entirely replaced by magnesium carbonate, the result- 
ing pure carbonate of magnesia is called magnesite, having the 
formula MgCO; and the composition magnesia (MgO) 47.6 per 
cent, carbon dioxide (CO) 52.4 per cent. 

Rocks of this series may therefore vary in composition from 
pure calcite limestone at one end of the series to pure magnesite 
at the other. The term limestone has, however, been restricted 
in general use to that part of the series lying in composition be- 
tween calcite and dolomite, while all those more uncommon 
phases carrying more magnesium carbonate than the 45.65 per 
cent of dolomite are usually described simply as more or less 
impure magnesites. 

Though magnesia is often described as an “ impurity ” in 
limestone, this word, as can be seen from the preceding state- 
ments, hardly expresses the facts in the case. The magnesium 
carbonate present, whatever its amount, simply serves to replace 
an equivalent amount of calcium carbonate, and the resulting 
rock, whether little or much magnesia is present, is still a pure 
carbonate rock. With the impurities to be discussed in later 
paragraphs, however, this is not the case. Silica, alumina, iron, 
sulphur, alkalies, etc., when present are actual impurities, not 
merely chemical replacements of part of the calcium carbonate. 

The Presence of Silica, Alumina, Iron, and Other Impurities. — 
If a number of limestone analyses be examined, it will be found 
that the principal impurities present are silica, alumina, iron 
oxide, sulphur, and alkalies. 

Silica when present in a marble or crystalline limestone is 
usually combined with alumina, iron, lime, or magnesia, and 
occurs therefore in the form of a silicate mineral. In an ordinary 
limestone it is very often present as masses or nodules of chert 
or flint, or else combined with alumina as clayey matter. In 
the softer limestones, such as the chalks and marls, the silica 
may be present as grains of sand. 

Alumina is commonly present combined with silica either as 
grains of a silicate mineral or as clayey matter. 

Iron may be present as carbonate, as oxide, or in the sulphide 
form as the mineral pyrite. 


‘ 
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Sulphur is commonly present in small percentages in one of 
two forms: as pyrite or iron disulphide (FeS2) or as gypsum or 
lime sulphate (CaSO, + 2 H20). 

The alkalies soda and potash are frequently present in small 
quantity, probably in the form of carbonates. 

Average Composition of Limestones. — On succeeding pages 
a series of tables containing a large number of analyses of Ameri- 
can limestones of commercial importance will be presented. Be- 
fore doing this, however, it is of interest to endeavor to get some 
idea of the normal or average chemical composition of the stones 
of this group. Fortunately a very interesting pair of average 
analyses are available for this purpose, and these are reprinted 
here as Table 79. 


TABLE 79. — AVERAGE ANALYSES OF AMERICAN 
LIMESTONES. (F. W. Criarxe.) 


A. B 
Sylver ESHOP i bn onic telttnactnats Neca ta omens Send 5.19 14.09 
Ath uimaiam ay CALS Og) in seein, eeetnucactete res sncte eect totes eters 0.87 1.83 
Imontoxiden(hesO3): sensei wie ce ete tae cerns 0.54 0.77 
Ibi iaavey. (OE O MA cin tear Me athe oe ene a kee ikea 42.61 40.60 
Magnesia: (Vig@)) ween eee en etree ee 7.90 4.49 
POdaaCNias Oi eae eet aa ree eye cslee « ee eee 0.05 0.62 
Ro tasks @)) eee ance es ee RC cece pe err ee 0.33 0.58 
Phosphorusipentoxide (bsO5) jenn ee eee eee 0.04 0.42 
Slo HUT s(S:) eye ee ye ey here perenne etter ner eee 0.09 0.07 
Sulphursirioxidel(SO>) see ee erereeeT arr e eee 0.05 = 0307 
@arbonidioxider(CO})meper eerie eee 41.58 35.58 
@ombined water. wacnaeey eer eye eter eee 0.56 0.88 
INIGIStUTC Rr an se hi oua ee Oe eee ree 0.21 0.30 


* Including very small amounts of titanic oxide (TiO). 
Tt Including organic matter. 3 


A. Composite analyses of 345 samples of American limestones, uses not 
specified. H. N. Stokes, analyst. 

B. Composite analyses of 498 samples of American limestones used for 
building purposes. H. N. Stokes, analyst. 
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TABLE 80.*— ANALYSES OF LIMESTONES: INDIANA. 
(BEDFORD STONE.) 

Locality. Biitas (hae re eee cet | Magnesia | atuaties. | Water: 
iBediordee ern we aeser 0.64 0.15 98.27 OSA || Mretercrericl [Nerina 
IBEGIOLde ane onn ke 0.50 0.98 96.60 0.27 0.40 | 0.61 
Bediordienc. aise tome 0.63 0.39 98 . 20 ORS OS eaters ets tence 
Bedford yest hs ee: 1.69 0.49 96.79 0.23 0.32 | 0.41 
IB ign ree ei 66 scien, 0.15 0.64 93.80 AHO ewer eect 1.09 
Bigs @reekiye se x. sas: 0.50 Ox 93.07 LPP IO 5 A 1.19 
Bloomington......... 1.74 0.29 95.62 OR SO ai Peer ns 0.59 
Bloomington......... 1.60 0.18 95.55 ORO SS netter, Aeon 0.42 
Bloomington......... 0.65 1.00 95.54 0.40 0.55 | 0.25 
Harrison County..... 0.31 0.32 98.09 n.d. 0.40 | 0.12 
Hunter Valley....... 0.86 0.16 98.11 OA staves aperetaye | ce uatacae 
IRONS condo cates 1.26 0.18 97.90 FOO Stl Reyne ison | Gene ot. 
Salemiree ew atone 1.13 1.06 96 .04 0.72 0.15 | 0.10 
DENCE satire Nee a: 0.70 0.91 96.79 0.23 0.32 | 0.41 
tinesviles.gs.-- 2... 0.90 3.00 95.00 0.22 0.83 | 0.05 
Twin Creek.......... 0.76 0.15 98.16 ESM te wieeeesione cl nave 

* 21st Ann, Rep. Ind. Dept. Geol., p. 320. 


TABLE 81.*— ANALYSES OF LIMESTONES: MISSOURI. 


Alu- Tine Magne- 
Locality. Silica. RoE carbon-| Lime. eee Beste: ae Water. 
oaides ote ate. 

Bowling Green...... Hse) | UNA | Cavities ee de SAA Gide Ra Plena Par wcrc ea gees 
Breckenridge....... 7593 OG ls noe oc SPA ies 2) || AVIS Soa os 
Cape Girardeau..... ORLOR ORAS ree Malo s cane 0.24 | 43.91) 0.27 
Cape Girardeau..... 2.93 | (0-45 |) 87,23)\..2... PAG IN SP ee ltt res iv eger a 
Canihagemwrern. creck ORG ON FOR ZI ROS8o7]|heeenee OG Sig ramen Paes Neal bey et oe 
IDSSOdOo 6 nese codes DIOS MONG Sai Sel si eeere SOOO le Reet econ) llsgn une 
JsiginiM owl, sscasose se OF 20 u OMUEs ROSES iene ONG2 irae cl nediter rst aoe 
MACKS ODnnene tater: AV (GS: fF OBR toe ooo: 2029) Pee ORS eae) nee 
Osceola enn Ave) |) Osily | Wee ve oo. ROO mieten Rate cecal ata ot 
JEUNE Sra oaeuae Acie cea OFZ ORS nO OG Samer. ORS Sis mere men ebeere cll Gece 
IBrincetonerasn eee 18S] O78 | WO. ecco: VEOH il Stes eal S fees [oe ae 
Repub liceee sa eee GZS |) Oe onc DON4 S| eee 0.03 | 48.70) 0.42 
SECMIRE on codgns oom U7 AO) ACO | APA, cy oe BATA We case BOs ean create aes 
Springfield.......... OFSGR OMS POO eS 4 bir Ps ee el a ate ah Sean Be 
Springfield.......... Ay SOO 292224 anes DOO mene teal metered tesa 
fin GUE, sbeneoocs’ Desh) OP Whos ee SOAS amet 0.25 | 43.42)...... 
Sty LOuis serie cer PY | Oe | GOOD 3 oa 6. (BO ODN teats Iara cr ces 


. Mo. Bur. Geol., Vol. 2, 2d series, p. 308. 
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TABLE 82. — ANALYSES OF LIMESTONE: WISCONSIN. 


1 2 3 4 5 6 
Silicdiaatase eee eer err oe ser SEM OroonONO2 a nants elO9 Ha 
Alumina : 
eee t De Con WE 1.95 | 1.02 | 0.01 | 0.59 | 0.38 rate 
HMETrrOUSZORICC 2 eo onc ees oe | ese Fee rl ee ete eereeaees | ecten er [chee eee 
Mimexcarponave seein 49.97 |50.96 [54.74 [53.51 |54.42 | 52.48 
Magnesium carbonate......... 44.58 |41.75 |45.07 |48.54 [44.17 | 41.94 


* Fe.CO3;. 


Duck Creek; W. W. Daniells, analyst; Bull. 4, Wis. Geol. Sur., p. 420. 

Genesee; W. W. Daniells, analyst; Bull. 4, Wis. Geol. Sur., p. 420. 

Knowles; W. W. Daniells, analyst; Bull. 4, Wis. Geol. Sur., p. 420. 

Marblehead; W. W. Daniells, analyst; Bull. 4, Wis. Geol. Sur., p. 420. 

Sturgeon Bay; W. W. Daniells, analyst; Bull. 4, Wis. Geol. Sur., p. 420. 

d eae Bayfield County; C. W. Hall, analyst; Min. Res. U.S., 1903, 
p. : 
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PHYSICAL CHARACTERS AND TESTS. 


Texture and Structure. — In texture limestones differ among 
themselves even more widely than do sandstones, for in addition 
to differences in size and shape of grain, there are also important 
structural differences to be considered. Many of these points 
of difference between individual limestones are obvious enough 
when a hand specimen is examined, but occasionally differences 
are only brought to notice by the microscope. This last case is 
relatively rare, however, and the examination of thin sections of 
limestone under the petrographic microscope does not often 
yield enough information to justify the trouble and expense. 

Color. — Limestones when absolutely pure are white, but as 
actually found in nature they show a wide range of colors from 
pure white through yellowish, bluish, and gray tints to deep 
black. Pink, reddish, and green limestones also occur, but in 
these cases the limestone is usually polished and marketed as a 
marble. The commonest tints are, however, light gray and 
grayish-blue. These variations in color are due to the character 
and amount of impurities present, the principal coloring agents 
being organic matter and iron oxide. 

The color, whatever its tint, may be uniformly distributed 
throughout the stone, or it may show blotching or banding with 
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two or more tints. Such irregular distribution of color is un- 
desirable in an ordinary limestone; but if the colors show pleasing 
contrasts, and the texture of the stone admits of a good polish, 
the material may be valuable as a decorative marble. 

Varieties of Limestone. — A number of terms are in general 
use for the different varieties of limestone, based upon differences 
of origin, texture, composition, etc. The more important of these 
terms will be briefly defined. 

The marbles are limestones which, through the action of heat 
and pressure, have become more or less distinctly crystalline. 
The term marl as at present used in cement manufacture is ap- 
plied to a loosely cemented mass of lime carbonate formed in lake 
basins. Calcareous tufa and travertine are more or less compact 
limestones deposited by spring or stream waters along their 
courses. Oolitic limestones, so called because of their resemblance 
to a mass of fish-roe, are made up of small rounded grains of 
lime carbonate. Chalk is a fine-grained limestone composed of 
finely comminuted shells, particularly those of the foraminifera. 
The presence of much silica gives rise to a siliceous or cherty 
limestone. If the silica present is in combination with alumina, 
the resulting limestone will be clayey or argillaceous. 

Physical Characters of Limestones. — In texture, hardness, 
and compactness the limestones vary from the loosely consoli- 
dated marls through the chalks to the hard, compact limestones 
and marbles. Parallel with these variations are variations in 
absorptive properties and density. The chalky limestones may 
run as low in specific gravity as 1.85, corresponding to a weight 
of, say, 110 pounds per cubic foot, while the compact limestones 
commonly used for building purposes range in specific gravity 
between 2.3 and 2.9, corresponding approximately to a range 
in weight of from 140 to 185 pounds per cubic foot, 


TABLE 83.— COMPRESSIVE STRENGTH OF AMERICAN 


LIMESTONES. 
2 | 2 | Compressive strength, 
& | 2 | pounds per square inch. 
State. Locality. Tested by 3 | 3 
° 8 Min. | Aver. | Max. 
Z| on 
In. 
Arkansas | Eureka Springs, Carroll Co. |Watertown Arsenal |....|....|....-.-+ PUN aganace 
Beaver, Carroll Co......... Navy. Department) ||enns|ee cl ereee 20) SSUG revere ser 
Johnson, Carroll Co......... Ark. Indust. Inst. Nerhd retate eee L5;5500 Pee eee 
Illinois Kankakee, Kankakee Co.. .| Univ. Illinois Natta | peyote 1S;544s ene 
Niota, Hancock Co......... Watertown Arsenal |....)....|.-..+--- 14-120 een 
Indiana Billottsvilles 3 2.ccecs ns Rose Polytech. Inst.|....|....| 5,900 |-....... 6,900 
Salen een non mi tact e - by os Sua ee o;000 tereraereee: 11,700 
Bloomington Aa es ie ee 3 4 8,400) |... ce. 11,400 
Hunter Valleéy.........5..-- SY ee ve 3| 4 SN) Iocanenes 4,600 
IRomonaldonneaesisesaaeea ss s ae 3} 4 65400 | ie.cr ee 7,800 
Bedford Aires cec acne tes S * in Om ae S200) erent 6,800 
s BY Se a 3 4 BjO0D) | iets cee 4,800 
se se Fy tt 3 4 C400 Sees 9,700 
Bloomington seers ie oe 2 Saeed AS £00) Beaters 6,900 
sé sf o ~ 3 4 42100 4g mocorer 8,200 
af My on 5 3 4 4.5007 Nem eens c 7,500 
se Ld i is 3 4 5,800 6,035 6,200 
Stinesvillemeywnereceienn ese a os ye 3) 4 4,100 5,635 6,600 
Kentucky | Bowling Green, Warren Co..|Watertown Arsenal 3 4 6,532 6,762 7,009 
Caden, Warren Co.......... a at 6 5 5,656 6,692 425 | 
Missourt: |" Carthages..0..seee.oe nee _ ss 4 4 | 13,660 | 14,947 | 17,130 
ce Missouri Geol. Sur. | 11 4 
‘Bowling Green. ...s-c.e o oe WY at 2 
Breckenridge s.-./.ese8s ee ss eS ‘s A cs 
Columbiaweukan weer. S 2 Zale 
De Sotovitrancessuiesentar a a sh 4| 4 
Hannibal. ieneccnse acer ee ie ee 8 10. | 4 
NACKSON aire ke mee enne ae i e sf De: 
ODUM irsaneite sae ee eee oz a - 5 | 4 
Jeffersons City,eer ema aee oe a ss Tal. 
7 “ “ “ i 7| 4 
Kahokavenaccscncce stints fs He Be 4] 4 
iWransas: ©ltygaceem en ate = 1 os 4/ 4 
iKKoeltztowie eeu eee e 4 a 4/4 
“ G “ al a 
“ G “ al A 
“ ce “ al A 
“ “ “ eal 
“ “ rt Al a 
“ “ “ aoa 
“ “ “ 3 | 4 
Spring tiold terse ss eee aie ee os ag 2 4 
St.Louis ser. -eeeuree nist Se es ce 7 4 
NewYork)! Buftalowanss cis. vies eects ar Watertown Arsenal 2| 4 
Texas Austin oo age Rciler ep ie a areeseneee Rock Island Arsenal|....].... 
Da valle hn coach ccicen ames ev ee se he 
Honey Creek, Burnet Co....| ‘ - ee eas 
Slaughter Creek............ se se = aa 
Beam reekie. Sa. vcaennccrne eS ss ss rile 
Cedar Parken smeaccceecenes Univ. of Texas 1 1 
IRoundiRockaaeeeeececece ck pees 1 il 
Me ennaniCouwesmacien teens PEG ag 1 1 
Lueders, Jones Co.......... ie BS OS nq 1 
Wisconsin | Bridgeport................- Wisconsin Geol. Sur.|....].... 
Burling toniinee screed eon i a ES ea Keersers 
Diek Cresle vec si seaiecmacen se us tee an 
Fountain! City.nc. esse oe s sf SONS ATT aah 
Genesee. etiyscmeninenens ue ce Ga IN ao), 
NO WIESS:. cae eases ey fe ss 2 
AMON Waeesieo crelacseris ner i fs os 
Marblehead ............ ~ ae as eae 
Sturgeon Bay ee Gg OG 6 
Waukeshairn sain. oncscmuaes Univ. of Wisconsin |....|.... 
Waulwatosacin aeswscrmssteaas Wisconsin Geol. Sur.|....].... 
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TABLE 84.— PHYSICAL TESTS OF LIMESTONES: ENGLAND. 


(BEaRI.) 

Specifi Weight Ab) ti aut atle 

: ; th, 
Toralivy, Ae cubic foot, penecnte pou per 

square inch. - 
White Manis Hieldis v7.2.4 ..00.. = 2.245 140.1 5.01 7,185 
ReduMianzsebieldiyry er.) aececr 2.295 143.2 4.58 9,210 
WellowaVianiselneldt as seria. oe 2.33 145.4 4.62 8,980 
FATIS CODE Me et en ee es Drlilig 138222 7.50 4,700 
2725 140.4 6.27 2,860 
FAICASUCL Ween ane arse ee ae i 2 505 156.3 2 42 8,595 
2.205 137.6 6.84 4,465 
IRortland nae cr icimacv ctemechteranen 1.995 124.5 11.10 2,285 
2.120 13253 7.51 3,190 
EReTCON EE OM ee creme ae Sie eres 2.05 127.9 8.10 1,585 
+ Sack ov AON Sr aes oc ee Re are ee 2.80 174.7 14,875 
CorshamyDowniae. eee ee 2.067 129.0 11.12 1,705 
Harleigh Downy sas een ee eee 1.93 120.5 12.88 1,010 
MonkstParki ence cok ista trees: 2.19 136.7 8.03 2,255 
Boxd Groundias aay nis se ete Sees 2.05 127.9 7.79 1,515 
CoombesDowne. en secon) see e eo 2.06 128.6 5.99 2,005 
Comenitigueye taser ee i 2.14 133.6 8.88 2,185 
Stoke Grounds aac 2.023 126.3 10.85 1,540 
Wiel ony Grroniel, oodoonmparcnncas 2.18 132.9 7.74 1,660 
ps {2.12 132.3 8.03 1,735 
Westwood Ground) .....5.....-..- ) 2.087 130.3 8 85 1910 
: 2.41 150.4 3.36 2,815 
Doubt Steaks teem oe oer 1 2 003 125.0 10.87 1,735 
anvil eye omen cies 2.18 136.0 ? 2,585 


DISTRIBUTION AND PRODUCTION. 


Geologic and Geographic Distribution of Limestones. — Lime- 
stones occur in every state and territory in the United States, 
though of course some states (Delaware, North Dakota, Louisi- 
ana, etc.) are so poorly supplied that they can never become 
important lime producers, while other states are almost entirely 
underlain by limestone strata. Geologically, the limestone 
utilized in various parts of the United States ranges entirely 
through the geological column, from the pre-Cambrian to the 
Pleistocene, inclusive. 

Under such conditions of wide geographic and geologic distri- 
bution it is not practicable to give a summary of any value in 
the present volume. The list of references given in the follow- 
ing pages will enable the reader to ascertain the facts regarding 
the limestones of any given state in which he may be interested. 
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Reference List for Limestones: 


Alabama: : 

McCalley, H. The fluxing rocks of Alabama. Eng. and Min. Journal, 
vol. 63, pp. 115, 116. 1897. 

Meissner, C. A. Analyses of limestones and dolomites of the Birmingham 
district. Proc. Alabama Industrial and Scientific Society, vol. 4, 
pp. 12-23. 1894. 

California: 

Jackson, A. W. Building stones of California. 7th Annual Report 

California State Mineralogist, pp. 206-217. 1888. 
Colorado: 

Lakes, A. Building and monumental stones of Colorado. Mines and 
Minerals, vol. 22, pp. 29, 30. 1901. 

Lakes, A. Sedimentary building-stones of Colorado. Mines and 
Minerals, vol. 22, pp. 62-64. 1901. 

Connecticut: 

Ries, H. The limestone quarries of eastern New York, western Vermont, 
Massachusetts, and Connecticut. 17th Ann. Report U.S. Geological 
Survey, pt. 3, pp. 795-811. 1896. 

Georgia: 

McCallie, S. W. A preliminary report on the marbles of Georgia. Bull. 

No. 1, Georgia Geological Survey, 92 pp. 1894. 
Indiana: 

Foerste, A. F. A report on the Niagara limestone quarries of Decatur, 
Franklin, and Fayette counties. 22d Ann. Rep. Indiana Dept. 
Geology and Natural Resources, pp. 195-255. 1898. 

Hopkins, T. C., and Siebenthal, C. E. The Bedford oolitic limestone of 
Indiana. 21st Ann. Rep. Indiana Dept. Geology and Natural 
Resources, pp. 291-427. 1897. 

Towa: 

Bain, H. F. Properties and tests of Iowa building-stones. Reports 
Iowa Geological Survey, Vol. 8, pp. 367-416. 1898. 

Houser, G. L. Some lime-burning dolomites and dolomitic building 
stones from the Niagara of Iowa. Reports Iowa Geological Survey, 
Vol. 1, pp. 199-207. 1892. 

Kansas: 

Bailey, E. H. 8., and Case, E. C. On the composition of some Kansas 

building-stones. Trans. Kansas Academy Science, vol. 13, p. 78. 
Kentucky: 

Crump, H. M. The clays and building stones of Kentucky. Eng. and 

Mining Journal, vol. 66, pp. 190, 191. Aug. 13, 1898. 
Maryland: 

Matthews. An account of the character and distribution of Maryland * 
building stones, together with a history of the quarrying industry. 
Reports Maryland Geological Survey, Vol. 2, pp. 125-241. 1898. 

Massachusetts: 
Ries, H. The limestone quarries of eastern New York, western Vermont, 


Massachusetts, and Connecticut. 17th Ann. Rep. U.S. Geol. Survey, 
pt. 3, pp. 795-811. 1896. 
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Michigan: 

Benedict, A. C. The Bayport (Mich.) quarries. Stone, vol. 17, pp. 
153-164. 1898. 

Grabau, A. W. Stratigraphy of the Traverse group of Michigan. Ann. 
Report Michigan Geological Survey for 1901, pp. 161-210. 1902. 

Lane, A. C. Michigan limestones and their uses. Eng. and Mining 
Journal, vol. 71, pp. 662, 663, 693, 694, 725. 1901. 

Lane, A.C. Limestones (of Michigan). Ann. Rep. Mich. Geol. Survey 
for 1901, pp. 139-160. 1902. 

Lane, A. C. Limestones (of Michigan). Ann. Rep. Mich. Geol. Survey 
for 1902, pp. 17-19. 1903. 

Minnesota: 

Winchell, N. H. The building stones of Minnesota. Final Report 

Geology of Minnesota, Vol. 1, pp. 142-204. 1884. 
Missouri: 

Buckley, E. R. Quarry industry of Missouri. Bull. 2, Missouri Geo- 

logical Survey, 1904. 
Nebraska: 

Fisher, C. A. Directory of the limestone quarries of Nebraska. Ann. 
Rep. for 1901, Nebraska State Board of Agriculture, pp. 243-247. 
1902. 

New Jersey: 

Cook, G. H., and Smock, J.C. New Jersey building stones. Reports 
10th Census, Vol. 10, pp. 189-146. 1884. 

Nason, F. L. The chemical composition of some of the white limestones 
of Sussex County, New Jersey. American Geologist, vol. 13, pp. 
154-164. 1894. 

New York: 

Bishop, I. P. Structural and economic geology of Erie County, N. Y. 
15th Ann. Rep. N. Y. State Geologist, vol. 1, pp. 305-3892. 1897. 

Eckel, E. C. The quarry industry in southeastern New York. 20th 
Ann. Rep. N. Y. State Geologist, pp. 141-176. 1902. 

Lincoln, D. F. Report on the structural and economic geology of Seneca 
County, N.Y. 14th Ann. Rep. New York State Geologist, pp. 60-125. 
1897. 3 

Ries, H. The limestone quarries of eastern New York, western Vermont, 
Massachusetts, and Connecticut. 17th Ann. Rep. U. 8. Geological 
Survey, pt. 3, pp. 795-811. 1896. 

Ries, H. Limestones of New York and their economic uses. 17th Ann. 
Rep. N. Y. State Geologist, pp. 355-468. 1899. 

Ries, H. Lime and cement industries of New York. Bull. 44, N. Y. 
State Museum. 1903. 

Smock, J. C. Building stones in the state of New York. Bull. 3, N. Y. 
State Museum, 152 pp. 1888. 

Smock, J. C. Building stones in New York. Bull. 10, N. Y. State 
Museum, 396 pp. 1890. 

Oklahoma: 

Gould, C. N. Oklahoma limestones. Stone, vol. 23, pp. 351-354. 

1901. 
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Pennsylvania: 
Frear, W. The use of lime on Pennsylvania soils. Bull. 61, Penna. 
Dept. Agriculture, 170 pp. 1900. 
South Dakota: 
Todd, J. E. The clay and stone resources of South Dakota, Eng. and 
Mining Journal, vol. 66, p. 371. 1898. 
Tennessee: 
Cotton, H. E., and Gattinger, A. Tennessee building stones. Reports 
Tenth Census, Vol. 10, pp. 187, 188. 1884. 
Keith, H. Tennessee marble. Bull. 213, U. 8. Geol. Survey, pp. 366- 
370. 1908. 
Texas: 
Dumble, E. T. Building and ornamental stones of Texas. Stone, 
May, 1900. 
Vermont: 
Perkins, G. H. Report on the marble, slate, and granite industries of 
Vermont. 68 pp. Rutland, 1898. 
Perkins, G. H. Limestone and marble in Vermont. Rep. Vermont 
State Geologist for 1899-1900, pp. 30-57. 1900.. 
Ries, H. The limestone quarries of eastern New York, western Vermont, 
Massachusetts, and Connecticut. 17th Ann. Rep. U. 8. Geol. 
Survey, pt. 3, pp. 795-811. 1896. 
Wisconsin: 
Buckley, E. R. Building and ornamental stones of Wisconsin. Bull. 4, 
Wisconsin Geol. Survey, 500 pp. 1898. 
Wyoming: 
Knight, W. C. The building-stones and clays of Wyoming. Eng. and 
Mining Journal, vol. 66, pp. 546, 547. 1898. 


Production of Limestone in the United States. — The follow- 
ing tables, quoted from those annually published by the United 
States Geological Survey, contain statistics on the American 
limestone industries for a series of years. 


TABLE 85. — LIMESTONE PRODUCTION OF THE UNITED 
STATES, 1899-1909. 


Year. Value. Year. Value. 

1899 $13,889,302 1905 $26,025,210 
1900 13,556,523 1906 27,327,142 
1901 18,202,843 1907 31,737,631 
1902 20,895,385 - 1908 27,682,002 
1903 22,372,109 1909 32,070,401 
1904 22, 178,964 1910 34,603,678 
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TABLE 86.— LIMESTONE PRODUCTION, BY STATES, 1905-1909. 
State or Territory. 1905. 1906. 1907. 1908. 1909. 
Alabamiateci. ns siacap ferns se $532,103 $579,344 $694,699 $479,730 $700,642 
PAPIZODOS tyra Sere hark ee cheats 135 40 64,975 a 50,130 b) 
TAT KAHSAS eye vas Shien ere ners 154,818 48,844 52,207 61,971 112,468 
RWalifOrniain einer eee waters 49,902 80,205 177,333 237,320 283,869 
WOlOTAOOm-T an oe on eee 289,920 373,158 502,751 378,822 355,136 
Conmeetieut.. 05.6 6. Po. cgee csucwas 1,558 1,171 1,476 c 3,727 c 5,023 
lonidamine tis ne Gerace es 5,800 1,450 15,000 41,910 d 49,856 
MOOT RTE rand Nia ees aes 9,030 16,042 22,278 8,495 34,593 
SE Sa yeeeh hier He tes eraser checre oe asia ote as sxe lace as eho acreage ca ETRE mem Eh cee coe edaraea ake hem (e) 
HOSHO Senn a ee ee 14,105 12,600 15,900 36,000 (e) 
MIINOISEM etree eee he 3,511,890 2,942,331 3,774,346 3,122,552 4,234,927 
Indiana ete ie 3,189,259 3,725,565 3,624,126 3,643,261 3,749,239 
TOW Ate or a reao Gino omens 451,791 493,815 560,582 530,945 525,277 
NS QNSAS PoP On piu) Sipe ee ere 923,389 849,203 813,748 403,176 892,335 
ACONCUC yen nner e eee eens 744,465 795,408 891,500 810,190 903,874 
TEC DSTEN Ta A ain Reo Cia Cereal Soe Seer eI cineacin ih Seco | bare Ont ett nett los eA arene (f) 
ENN Cn ap mala ate ido SOM CIRA Als aries 7,428 2,000 1,350 (g) (g) 
Many land set). atone nec 149,402 170,046 142,825 128,591 197,939 
Massachusetts.......... 65,908 10,750 1,837 L O50 a6 biceone: 
Michigan....... 544,754 656,269 760,333 669,017 750,589 
Minnesota. . 555,401 632,115 735,319 667,095 698,309 
Missouri. sone eee ce ate 2,238,164 1,988,334 2,153,917 2,130,136 2,111,283 
Montana... cccecnes saeafa vad Staia fs 103,123 141,082 124,690 134,595 54,064 
Nebraska veeciem ta cee 225,119 276,381 312,630 330,570 293,830 
New Jersey:.cc un petane csr 147,353 221,141 274,452 172,000 224,017 
News Mexico saci nese catea snc 7,200 125,493 193,732 (h) 7 140,801 
ING waVorke ae fee ce ere 1,970,968 2,204,724 2,898,520 2,584,559 2,622,353 
North Carolina 16,500 30,583 22,328 (9) (7) 
MIO Myer ieee raion 2,850,793 3,025,038 3,566,822 3,519,557 4,020,046 
Olcslahomaiecn secre eee 168,924 171,983 189,568 257,066 450,055 
Oregon ect ae ae wae 8,600 7,480 5,750 G:230) Weal ce verses 
Rennsy wants: nc eee eee 4,499,503 4,865,130 5,821,275 4,057,471 5,073,825 
Rhodeisland: 40.0.5.cc%.ss see 30 67. 750 (g) (g) 
SOULNMDAKOta wee ee mer sens 6,653 10,400 11,600 (k) 1 49,328 
PONDOSSOES occu ys cies ee he pee 401,622 481,952 385,450 m 535,882 m 589,949 
Af RES CTS re Soden ee en a aa 171,847 239,125 267,757 314,571 341,528 
NU CAE ony socte aise eet sore ars 232,519 248,868 306,344 253,088 |" 169,700 
AWiermon tien erie ccne. cri eeee 11,095 14,728 23,126 20,731 18,839 
WATSINIR i ere oc seinen 212,660 260,343 362,062 280,542 342,656 
iWashingtoncn cee vasa enttehiac 52,470 49,192 62,317 31,660 38,269 
Wiest) Virginian .o: 6.25 cast utes 671,318 628,602 855,941 645,385 864,392 
WISCONSIN cee taal te se srenions 804,081 891,746 1,027,095 1,102,009 1,047,044 
WiyOming eae sae tere ere 23,340 53,783 18,920 n 31,168 24,346 
NOtalaar tert acerca an 26,025,210 | 27,327,142 | 31,737,631 | 27,682,002 | 32,070,401 


a Includes New Mexico. 


b Included in New Mexico. 
c Includes Maine and Rhode Island. 


d Includes Louisiana. 


e Included in South Dakota. 


f Included in Florida. 


g Included with Connecticut. 


h Included with Arizona. 

i Includes Arizona. 

j Included with Tennessee. 
k Included with Wyoming. 


1 Includes Hawaii and Idaho. 


m Includes North Carolina. 
n Includes South Dakota. 
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TABLE 87.—LIMESTONE PRODUCTION, BY STATES AND 
USES, 1909. 


State or Territory. pee peed Paving. | Curbing. | Flagging.| Rubble. | Riprap. 
Alabama $775 $27,197 $2;000: | $46,116. j.ccc eek... $8,460 $19,200 
Arkansas 23,655 MASAI By xe cetera areazcotets trea l teragelereeran ears 650) |ossccae ree 
California AD BAN dic Sees vy cceal e cis Sptvatetal tere ote etter elle he meaner tev aie | niece ier ra Fe ereperteetetate 
(Oly iter 510) ene a ere pean EPS BOG) Iaaaapemcre lame ot coca useccaa ed sone seas 
Mloridaecnssehente ue iT iT ae Oars hc ieee eel Meette ie inet eeieers 684 14,400 
Georgia..... QE Wee oe, ck cada N coattets material eee cas ores ores tarts le acne mapas ae eames 
MUINOIS* Seneca rc nee 62,395 34,323 2,600 4,348 $4,651 368,605 115,413 
TROIGHA? ene ates e 1,235,524 | 1,353,180 534 109,454 4,921 14,100 7,939 
Th en eee ee 41,866 7654 eee eee 43,094 
SANBAG oe acrak eran cscs 75,574 43,775 22,044 41,984 
Kentucky: ...0 2. a.n: 130,784 63,844 4,583 20,081 
Maryland so). /2 cnn 4 ATS Meese ee 600 1,500 
Miiehican ee cecne sccun 4,450 MRAAD Wee nc ntsye ee 3,615 
Minnesota........... 169,929 96 SOO Ree een 42,666 
IMGSSOTINT bere chara neles 233,215 408,327 1,531 106,419 
Montana isan. sicas. Tj O28 Niner noe mene eras 333 
Nebraska........... 1,507 T0333 Sensei: 28,645 
New Jersey......... BUD Tore circa los ul echebieree avd Ue ae eae walle eee OrT|. Meee SOLON hr repre ewe 
New Yorks.) jesnuee 168,569 37,355 3,080 63,526 
QOhiornyer een 102,109 Poo Us LR a 430,789 
Oklahoman ssa: 4,850 OOOO, ecco cess 35,889 
Pennsylvania........ 104,930 1,410 124,521 709 
Tennessee........... 16,854 A ASO Se aac: 26,298 
DOXA Heyt cite eects 28,601 17,540 365 14,58 
Uitahseanececeras PAVE ota A tens ene Ae vil one Acai eeaite ware 
Wermontnmicncencnns Byala Wea eas aut ee te 
Virginia. . ana 715 129 15 
WISCONSIN Ssh teas 96,161 15,832 26,807 
IW OLD ING ceay rere, rraxeuticl | ee eae EIT ace Tek rete a 

Motalesee tater 2,570,326 | 2,226,942 188,680 214,140 41,343 | 1,228,445 | 1,082,234 
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TABLE 87.— LIMESTONE PRODUCTION, BY STATES AND 
USES, 1909. — Continued. 


Crushed stone. 


State or Territory. ; Flux. f eas cog Other. Total. 
Road_ | Railroad CG ‘ 
making. | ballast. oncTeLC: 

Alabamasenceiesiecks $60,452 $5,521 $16,825 | $512,585 |.......... $1,512 | $700,642 
PAYED OMG rece sy efoe cs ta7e all Ssstste gee oo a | okese ar Suciccese te ltas ble /abesutactecs]| ouslenste opezavess)| fave: ceatevararauersl| eceverevashe.evecs (a) 
IAPKANSAS) . ./c-c\-Ale aici 9,126 340 AERA Monet eetecrer leone Pave ell(s Sthochonee 112,468 
Californian, <<< .-: 138,962) hon cance sce 4,554 29,904 $92,233 5,875 283,869 
Colorado. essences LOO A etvexcral errno: 267,806 86,888 342 355,136 
Connection acca cesie eerie (ates Seen eee see 1933" | oaeee aes 3,000 b 5,023 
Biloridaecr arate sce 4,150 2,569 P2345 Mjnee aie callvait sto ereicies 8,755 c 49,856 
Georgia actwwseenss = 749 14,091 3,103 LCG Hl aeceree ec |c see 34,593 
|G PONE In ee tara OD COCA (sic Hig SOCi Gl [eee acccCere [Ruane are aceel erence cerca Menace coer (d) 
100 FH slolag Geeta Recall area neal Pete Ne toe onl dren OSE) | OOtc ohne Sete (ee re aerial Rye ten (d) 
(linolseececswae eas. 1,216,759 422,859 | 1,249,783 714,631 1,971 36,589 | 4,234,927 
Tndians:., .cssce see 627,289 54,086 54,449 190,809 982 95,972 | 3,749,239 
WOW a joe suet oes ee 116,246 16,329 246,054 525,277 
IKGNSAS fries aeons 155,294 257,654 207,405 892,335 
Kentucky 273,411 291,266 47,364 903,874 
SOW ASHAN G5 slays ccnerteg wrereHl le ies aes aie fall seis renee Seeeevalllerenele le obernete (e) 
MNO Fe errs ctor rat toreen| erexrovis co etnvalf lnystegere oreceat ll elenerstoxeuntae > (f) 
Maryland 108,630 20,071 61,201 197,939 
Michigan 132,902 42,445 112,829 750,589 
Minnesota 80,441 38,329 157,263 698,309 
Missouri 542,904 87,445 339,036 31,075 13,321 33,819 | 2,111,283 
Mon tans. or cxteniices | ascent ere een ae 15,400 127,532 OHA I hci Sea 154,064 
Nebraska 83,147 31,898 118,523 15,000 1,136 15 293,830 
New Jersey......... SoS 2b heen 8,346 BOG ASO dro rater call eevee ses 224,017 
New Mexico......... 3,750 107,500 3,150 15,305: [ie nce tulsa 11,006 | g 140,801 
New 5 ¥ ork oy .ic6is sta 750,980 419,489 495,970 343:891 Aecnecaine 253,406 | 2,622,353 
PN OTE LO APOLINA chy) alla tele ane al orci eee cnet ete alee Mears elle eterna. <i, peer ete Ss (h) 
ODIO mao, ie eas 1,502,483 332,569 236,619 | 1,130,082 2,088 223,695 | 4,020,046 
Oklahoma... ....0. «.. 491 LAS s5S9 e243 5270 incre eeioeleeise eae 6,500 450,055 
Pennsylvania........ 596,023 444,091 489,241 | 3,165,872 |......0... 140,767 | 5,073,825 
LP) ao vO Vaal Fc) Ee hive toe ym lk Aare mat I Ate ne LE oe ers & el Cte reiincd| Pe eierereicaseal ses naticad ciera (f) 
South Dakota....... 7,184 12,600 5,400 1,200 Ne rene 4 49,328 
Tennessee............| 276,945 95,665 72,706 CYA, SYD kaOdnoonan 2,222 | 7 589,949 

OXSS Merits ee se prieny- 125,661 3,400 24,260 A0;819)3| Pan eee allie accment 341,528 
NUiGeu las ie maxes vars carey ess | crnneoreeisteve sl Ge losanmeyeiacste olf cre eetarersane 126,915 1S:0007 | emer eeee 169,700 
Wermontirenis tern. SIGT2 |errrscomere 4,362 250)| eee eens 143 18,839 
\hitall ease ameeraaor 31,076 84,883 8,068 PAE Re moses 1,319 342,656 
Washington.......... QO5 | crescsuceticrs atoll eteeremtetees SIPC I/S Reservar 6,727 38,269 
West Virginia........ 47,152 294,938 19,865 492 497? |i nen se teers 9,940 864,392 
WisCOnsil....5...05% 379,723 79,803 188,395 MTD recon coe 7,021 | 1,047,044 
MAiQoy eb at Seren ODOR OT OSA IEEOOE Gee a asa Conner ao (bCOOn ou en 21,000 2,646 24,346 

Totaliie ncteaiets 7,294,248 | 3,308,430 | 4,450,075 | 7,921,807 291,287 | 1,252,444 | 32,070,401 


a Included in New Mexico. 


b Includes Maine and Rhode Island. 


c Includes Louisiana. 
d Included in South Dakota. 
e Included in Florida. 


f Included in Connecticut. 


g Includes Arizona. 


h Included in Tennessee. 
i Includes Idaho and Hawaii. 
j Includes North Carolina. 


CHAPTER X. 
MARBLES. 


Tue term marble is applied by the geologist to limestones 
which, through the action of heat and pressure, have so changed 
in texture as to be completely crystalline. In the stone trade, 
however, marble has a wider meaning, including any limestone 
which can be made to take a high polish and which, when so 
polished, will show pleasing color effects. Indeed the term has 
at times been carelessly applied even to siliceous rocks, a mis- 
application which entirely robs it of meaning. 

Varieties of Marble. — Using the term marble in the sense in 
which it is applied by the engineer and quarryman, three quite 
distinct types may be noted. 

(a) Highly crystalline marbles showing distinct crystalline 
structure and fracture. These are usually white, though gray, 
black, or other markings may be present, scattered over a white 
ground. Most of the Alabama, Georgia, Vermont, Massachusetts, 
Connecticut, and southeastern New York marbles are of this type. 

(b) Suberystalline or fossiliferous marbles; in which crystalline 
structure is rarely very noticeable, the value depending rather 
on color effect than on texture. Frequently these color effects 
are gained through the presence of fossils, as often shown in the 
Tennessee marbles. 

(c) Onyx marbles; translucent rocks, showing color banding, 
due to the fact that they were formed layer after layer by chemi- 
cal deposition from spring or cave waters. 


I. HIGHLY CRYSTALLINE MARBLES. 


In a sense, practically all limestones are crystalline, for under 
the microscope traces at least of crystalline structure can be 
detected even in the most earthy limestones. But the stones 
which are here grouped as the highly crystalline marbles are 
crystalline in a much greater degree, for they are made up entirely 
of grains of calcite or more rarely dolomite, and the crystalline 
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character of these component grains is obvious, even without 
the use of the microscope. 

Origin and Character. — The present highly crystalline con- 
dition of these marbles is not due to anything in their chemical 
composition, or to the conditions under which they were origi- 
nally deposited, but to the effects of the heat and pressure to 
which they have been subjected since deposition. Originally 
they were simply limestones of quite ordinary type so far as 
either composition or structure were concerned, and under normal 
conditions they would have remained ordinary limestones to 
this day. 

If limestones are heated sufficiently under atmospheric pres- 
sure, they will simply be calcined, carbon dioxide being driven 
off and quicklime remaining. But if the heat be accompanied 
by intense pressure, sufficient to prevent the evolution of the 
carbon dioxide gas, the stone will assume a semifluid condition. 
This condition permits a gradual movement, rearrangement, and 
recrystallization of the particles of calcite; and if this meta- 
morphism is thorough enough, the final result is the production 
of a highly crystalline marble. 

On a later page in discussing the geological distribution of 
the highly crystalline marbles, some consideration will be given 
to the geological conditions which in certain parts of the coun- 
try favored the formation of these rocks in the fashion above 
described. | 

Chemical Composition. — Since the crystalline marbles are 
merely ordinary limestones physically altered by the action of 
heat and pressure, they may naturally be expected to show the 
same range in composition as would a series of normal limestones. 
If we could make an average analysis of all the crystalline lime- 
stones of the country, and compare this with an average analysis 
of all the unaltered limestones, this expectation would undoubt- 
edly be verified. 

The actual requirements of the stone trade, however, introduce 
conditions which interfere with this exact agreement in composi- 
tion of the two groups, as we find them in the market. This is 
due to the fact that the more impure crystalline marbles, formed 
by the alteration of siliceous and clayey limestones, are rarely 
suitable for dressing and polishing. The silica and clay of the 
original limestone have often, during the metamorphism, com- 
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bined with some of the lime to form silicate minerals, and the 
irregular distribution of these minerals through the marble inter- 
feres with its dressing and decreases the attractiveness of its 
appearance. 

The result of this condition is that the highly crystalline 
marbles which have attained success in the market are rarely 
very impure. A series of marble analyses, therefore, tends to 
give a higher average lime content than does a series of analyses 
of ordinary limestones. 
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BUILDING STONES AND CLAYS 


Production of Marble in the United States. — The following 
tables, quoted from those issued annually by the United States 
Geological Survey, give statistics concerning the American 
marble industry for a series of years. It is to be noted that under 
the head of marble these tables include the comparatively unim- 
portant amounts of serpentine, “ verd antique marble,” etc., 
produced in the United States. 


TABLE 90. —-MARBLE PRODUCTION OF THE UNITED 
STATES, 1899-1909. 


Year. Value. Year. Value. 
1899 $4,011,681 1905 $7,129,071 
1900 4,267,253 1906 7,582,938 
1901 4,965,699 1907 7,837,685 
1902 5,044,182 1908 7,733,920 
1903 5,362,686 1909 6,548,905 
1904 6,297,835 1910 6,992,779 
TABLE 91.—MARBLE PRODUCTION, BY STATES AND 
USES, 1908-1909. 
1908. 
Rough. Dressed. 
State or Terri- 3 Total. 
tory. Build- | Monu- | Other | Build- | Orna- | Orn | Interior | Other 
ing. mental.|} uses. ing. mental. 7 Gans uses. 
Alabama...... $898) 5 eves $2,500 $113 $4,650)... $77,000} $33,419 ja $118,580 
Alaska. oc. .00. 38,500} $1,688]....... 45,000 7,200) $500 10,600 400 | 6 103,888 
California... .. 8,100 Lj 260 ererecrall resetptestadtel|| uevetcieiemtoel | Meyers 50,782 276 60,408 
(fc) oh 10 Voth eee eek eee ney [ets piel [ieee nents hans mim eee ral Ramtron Hl art noch puer| Rietonetin ee pel Wtietsverse alos c 
Georgia....... 368,981] 342,000} 78,800} 100,000 LWAAUD paints oul le eoaciecte 9,000 | 916,281 
CGS a) Te) cea eters | Po aera See Polaris eal a rt eel pene Octet ace ty Rav anelbeets eben BIER ee a tee Ia d 
Maryland...... 1,050 8,425) 4,652 (Tafa LUG) Petite cl kes atric hee ese an rcie e 79,317 
Massachusetts. DSSS) icc one meres 110,856 1D 786) cosinor 34,660) 8,458 175,648 
IME ESS OUND ce lore | eos esta ote cnet Sea cecatemanNy ll a terete ace tac ene trap Coie eae [DNC arate | Chee oe 04] Et d 
New Mexico...|..... Resa Ranta |lnaatnns [aac os ans |boreo ass 5 |lenaene dl Woon ada ane Cc 
New York.... 74,538} 56,200} 30,421) 472,407 035292 |lneceaen 2050001 Fieron ene 706,858 
Noréh: Caroline tyne coca ssleters wea | mute reran hence re ecell epare ecient eel eee kal renee eee 
Pennsylvania. . 1S 444 eee arma recto 54,803 9,000} 7,000 15,000} 3,500 102,747 
ennessee BRE 83,764) 10,755) 37,575 78,440 L790! yates 551,449] 10,660} 790,233 
LID ie ete Ore Nene tena! en rCa aS ievint| aimtaceta tase Pee ale relataik'| lose save Exerclane | ee memati ete eeniccecors| teen ars c 
Vermont...... 156,325} 134,036 190} 1,402,629] 1,714,408) 18,006 | 1,184,259} 70,107 | 4,679,960 
Total 747,488) 554,354| 154,138) 2,329,438] 1,843,426) 25,506 | 1,943,750] 135,820 | 7,733,920 


a Includes Kentucky and Missouri. 
6 Includes Colorado, New Mexico, and Utah. 


ce Included in Alaska. 


d Included in Alabama. 


e Includes North Carolina. 


f Included in Maryland. 


TABLE 91.— MARBLE PRODUCTION, 


State or Terri- 
tory. 


Arizona....... 


Massachusetts. 
New Mexico... 
New York.... 
North Carolina 
Oregon 


Tennessee... .. 


Vermont 
Washington. ... 
West Virginia.. 


Total.... 
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1909. 
Rough. Dressed 
. Total. 
Build- | Monu- | Other | Build- | Monu- | Ora | Interior | Other 
ing. mental.| uses. ing. mental rats an uses. 
$39,825] $22,783 | $6,900) $12,000).........]....... $129,554) $1,400 |a $212,462 
42,100 300 ENO akarnene $4000 | certs te ncreie tese|| is cinnecess 6 46,900 
Pe cateehtacl (icin Actas (BOS Sel OA Sota oo.n hor So Mee fag tate ere cceiores| (een Benes c 
83,887 BOS ti MA OAD | rete. f cacerselll acaetedarssncs | otras ol| eeseelersmaan ated tolerances 89,392 
190,600 1755 Re eee tse S045 1B ees 295,491)........ d 488,311 
528,454} 25,000) 15,745} 156,000 26260 namenes tere ae 15,000 | 766,449 
ielbjayearrsy<iel| inte isieaierel si isi eletoiensys7|ieyaieietaraielaiulliaqutauststarataialiin\einialsisloi|(<feys folcisle\aie'}ic/eipraiete le: e é 
De ree eye | Miavaterotarstall ase seveatrate| etaeteveceee acl al avarnrenctar te nll ciete tors iclt aeeare cleo een tee e 
23,759 900 1,424 16,500 53,372] $695 134,561} 12,500 243,711 
500 2,950 940 TL QOOM sap stek afalin stziars ae lanes a tere A eeities Bee f 5,390 
64,400) 49,950} 32,641] 135,919] 88,559]....... B15 260\ codes 402,729 
Saataa eon te iares|\d-6 tela: d, ate el] \ate/e eye ate! |ie\m)s set syn; anni|ierelalersieoheis lente aecoi || iwcars oieieiels,|ilalaieitis. se é 
SAC eal Ore ran Rice a nl cum ctin cn Wocore sain Sn eeedl Inter Aoatate Ie omene g 
29,108} 1,700} 5,751) 107,978 TED OO | eaters 34.000 Fane nse 186,037 
130,315} 4,625 | 35,575 36,478 4,275]....... 394,973 7,500 613,741 
ae wheelie cielai}ls hele sie /aite)|/s\eleisie'e.e!|\niele eiaie/s\ein|fivie.eie siuieip ai[iv'9:e e/6 9ie||\biesreiaisie'n)s||\ne bore ieeie c 
De Castel omeVAt Boats a lo Recmii aiid irate roel eee ee ah eal ee cne Ore g 
455,300) 462,580 | 66,144) 827,144) 998,671] 24,000 537,944] 122,000 i ha 
I as hia | ne Oa bets | see eo Pa | LM 
1,588,248] 571,526 |170,562 | 1,293,019} 1,184,672] 24,695 | 1,557,783] 158,400 | 6,548,905 


a Includes Kentucky, Maryland, North 
Carolina, and West Virginia. 

b Includes Washington. 

c Included in New Mexico. 

d Includes Oregon and Utah. 


e Included in Alabama. 
f Includes Arizona and Texas. 
g Included in Colorado 


h Included in Alaska. 


The following table shows the various uses to which the marble 
quarried in 1904, 1905, 1906, 1907, 1908, and 1909 was put: 


TABLE 92.— DISTRIBUTION AND VALUE OF OUTPUT OF 
MARBLE, 1904-1909, AMONG VARIOUS USES. 


Use. 


Sold by producers in rough state} $2, aes 052 


Dressed for building..... 
Ornamental purposes..... 
Dressed for monumental work. . 
Interior decoration in buildings. . 
Other uses yb cece sse.ce vais es 


1904, 


1905. 


1906. 


1907. 


1908. 


1909. 


6,297,835 


671 
21,554 


206 


$2,987,542 
1,168,450 
13,643 
1,170,279 
1,682,651 
106,506 


7,129,071 


$1,795,169 
1,559,925 
44,523 
2,214,872 
1,722,445 
246,004 


7,582,938 


$1,697,891 
1,905,145 


2,044,000 
1,900,952 
264,647 


7,837,685 


25,050 


$1,455,980 
2,329,438 


1,843,426 
1,943,750 
135,820 


7,733,920 


$2,330,336 
1,293,019 
24,695 
1,184,672 
1,557,783 
158,400 


6,548,505 


25,506 


Reference List on Crystalline Marbles. — The following list 
contains the principal publications dealing with the subject of 
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marbles in general, and with the crystalline marbles in par- 
ticular. 


General treatise: 
Burnham, 8. M. The history and uses of limestones and marbles, 392 pp. 
Boston, 1882. 
Alabama: 
Byrne, P. Marble formations of the Cahaba River, Alabama. Eng. & 
Min. Jour., vol. 72, p. 400. 1901. 
Arizona: 
Paige, Sydney. Marble prospects in the Chiricahua Mountains, Arizona. 
Bull. 380, U. S. Geol. Sur., pp. 299-311. 1909. 
California: 
Jackson, A. W. Building stones (of California). 7th Ann. Rep. Cal. 
State Min., pp. 206-217. 1888. 
Anon. Marbles of California. Bull. 38, Cal. State Min. Bureau, pp. 
95-114. 1906. 
Colorado: 
Lakes, A. Building and monumental stones of Colorado. Mines and 
Minerals, vol. 22, pp. 29, 30. 1901. 
Connecticut: 
Ries, H. The limestone quarries of eastern New York, western Vermont, 
Massachusetts, and Connecticut. 17th Ann. Rep. U. 8S. Geol. Sur., 
pt. 3, pp. 795-811. 1896. 
Georgia: 
McCallie, S.W. A preliminary report on the marbles of Georgia. Bull. 1, 
Ga. Geol. Sur., 92 pp. 1894. 
Maryland: 
Matthews, E. B. An account of the character and distribution of Mary- 
land building stones. Reports Md. Geol. Sur., vol. 2, pp. 125-241. 
1898. 
Massachusetts: 
Ries, H. The limestone quarries of eastern New York, western Vermont, 
Massachusetts, and Connecticut. 17th Ann. Rep. U.S. Geol. Sur., 
pt. 3, pp. 795-811. 1896. 
Whittle, C. L. The building and road stones of Massachusetts. Eng. 
and Min. Jour., vol. 66, pp. 236, 237. 1898. 
Nevada: 
Darton, N. H. Marble of White Pine County, Nevada. Bull. 340, 
U.S. Geol. Sur., pp. 377-380. 1908. 
New York: 
Brinsmade, R. B. Marble quarrying of Gouverneur, N. Y. Eng. and 
Min. Jour., Oct. 21, 1905, pp. 728-730. 
Kekel, E. C. The quarry industry in southeastern New York. 20th 
Ann. Rep. N. Y. State Museum, pp. 141-176. 1902. 
Vermont: 
Perkins, G. H. Report on the marble, slate, and granite industries of 
Vermont. 68 pages, Rutland. 1898. 
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Perkins, G. H. Marble (in Vermont). Rep. Vt. Geol. for 1899-1900, 
pp. 38-57. 1900. 
Perkins, G. H. Marble (in Vermont). Rep. Vt. Geol. for 1901-1902, 
pp. 40-44. 1902. 
Washington: 
Shedd, S. Marble and serpentine deposits of Washington. Ann. Rep. 
for 1902, Wash. Geol. Sur., pp. 75-133. 1908. 


Il. FOSSILIFEROUS OR SUBCRYSTALLINE MARBLES. 


Under this heading are included limestones which, though not 
highly crystalline, possess sufficiently close texture to take a 
good polish, and at the same time show attractive color effects. 
The well-known Tennessee marbles are the best examples of this 
type of stone. 

Origin and Character. — Since the fossiliferous or subcrystal- 
line marbles are simply ordinary limestones, so far as origin is 
concerned, nothing can be added here to the discussion of the 
origin of limestones which has been presented in Chapter IX. 
The only points of difference which require further consideration 
are those connected with the color and texture of the subcrystal- 
line marbles. 

So far as texture is concerned, the stone is necessarily close- 
grained, free from chert or clayey matter, and susceptible to at 
least a fair polish. Distinct calcite crystals are not visible, but 
the groundmass of the stone is crystalline and not earthy in 
texture. 

In order to be salable, the subcrystalline marbles must be 
either of a particularly attractive or desirable solid color, or they 
must show attractive contrasting colors. The first type is rare, 
the only color in which the subcrystalline marbles can excel the 
crystalline marbles being black. The second type, in which 
contrasting colors are present, is well-exemplified by the Ten- 
nessee marbles. In this second type much of the color effect 
is often due to the fact that the ground-mass of the stone is of a 
different color from the shells or other fossils which it contains. 

Chemical Composition. — In chemical composition the sub- 
crystalline marbles can of course show little of special interest. 
Since the presence of much silica or clayey matter would com- 
monly interfere with polishing, the fossiliferous marbles which 
reach the market are usually fairly pure carbonate rocks. 
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The following analyses of subcrystalline marbles will serve to 
give some idea of their range in chemical composition. 


TABLE 93. — ANALYSES OF AMERICAN SUBCRYSTALLINE 


MARBLES. 

1 2 3 4 5 6 7 
Silica eee a eae 0.76 | 1.48 | 4.23 ORL Ost 3s 80207 ae 
Alumina (SON) aan ee } 
Tron oxide See reese 0.42 ; 3.28 | 0.91 10.93 0.26 0.21 | 0.08 
FTE NTO Site ee ren res cee cy ee ae 54.67 |52.77 130.42 | 55.47) 55.32/55.12 |55.87 
IMA eneSiaa cmc ee ee 1.01 | 0.82 |19.86 | 0.30} 0.21) 0.51 | 0.15 
Carbon dioxide........... 43.49 141.85 | n.d. | 48.63) 48.51/48.98 |43.47 
NAGE R Gry ce ose, WORN Gio Aerts Rg LenS are UT ek JOD Dale gt 8 Oe 2 TROIS cutcens eee 


1. Gray marble, Varnell station, Whitfield County, Georgia; W. H. Emer- 
son, analyst; Bull. 1, Georgia Geol. Sur., p. 87. 

2. Brown marble, Red Clay P. O., Whitfield County, Georgia; W. H. Emer- 
son, analyst; Bull. 1, Georgia Geol. Sur., p. 87. 

3. Black marble, Six Mile Station, Floyd County, Georgia; W. H. Emerson, 
analyst; Bull. 1, Georgia Geol. Sur., p. 87. 

4, Marble, near Knoxville, Tenn.; L. G. Eakins, analyst; Bull. 168, U.S. 
Geol. Sur., p. 258. 

5. Marble, Teena County, Tenn.; A. L. Colby, analyst; ae Ann. Rep. 
U.S. Geol. Sur., pt. 5, p. 983. 

6. Marble, near [aes ale Tenn.; Agric. Exp. Station, satel ; Bull. 
2D, Tenn. Geol. Sur., p. 22. 

7. Marble from Meadows quarry, Blount County, Tenn.; G. S. Jamieson, 
analyst; Bull. 2D, Tenn. Geol. Sur., p. 22. 


Geological Distribution. — Geological age is of interest in the 
present connection only from the fact that the geological history 
of any limestone must necessarily have had some effect upon its 
texture and structure. Subcrystalline marbles may be found 
in limestone formations of almost any geological period, but owing 
to the fact just stated certain formations are more likely to yield 
them than others. 

In the eastern and central United States, for example, the 
Cambrian and Silurian rocks were involved in the earth move- 
ments which gave rise originally to the mountain ranges which 
parallel our Atlantic coast. The later rocks —Devonian and Car- 
boniferous — were rarely involved in the folding and metamor- 
phism which accompanied these movements. In consequence, 
the areas of Cambrian, Ordovician, and Silurian limestones 
which border the Adirondack and Appalachian ranges are apt to 
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show a certain degree of metamorphism everywhere. Where the 
metamorphic effects were intense, highly crystalline marbles were 
developed, as noted on preceding pages. But even where the 
metamorphism did not go to the extreme of causing entire 
recrystallization of the limestones, there is an evident increase 
in their density and compactness as compared, for example, 
with entirely unaltered Carboniferous limestones. 

Geographic Distribution. — The earliest worked subcrystalline 
marbles in the United States were those at Hudson, Glens Falls, 
and Lockport, New York. These were all of different type and 
age, the Glens Falls stone being a bed in the Trenton formation, 
the Lockport stone coming from the Niagara group, while the 
Hudson marble was found in the Lower Helderberg group. All 
three of the groups named are Silurian in age, in the broader 
sense in which the term Silurian was long used. 

The Tennessee marbles, which are by far the best known and 
most important American examples of the subcrystalline type, 
occur as beds in the Chickamauga formation. This is of Ordo- 
vician age, and corresponds approximately to the Trenton for- 
mation of New York, which once furnished similar marbles at 
Glens Falls and elsewhere. These marble beds of the Chicka- 
mauga formation occur not only in eastern Tennessee but in the 
adjoining portions of Virginia and Georgia. In these latter 
states, however, they have never been extensively developed. 

Production of Subcrystalline Marble. Owing to the develop- 
ment of these deposits of subcrystalline marble, Tennessee ranks 
at present third among the marble producing states, being sur- 
passed in value of annual output only by Vermont and Georgia. 
Since all the marble output of Tennessee is of the subcrystalline 
type, and since the relatively unimportant amounts of subcrys- 
talline marble produced in other states cannot be accurately 
determined, the data as to production given below will be confined 
to the output of Tennessee. 


TABLE 94.—ANNUAL PRODUCTION OF SUBCRYSTALLINE 
MARBLE, 1905-1909. 


LOOP een ete ict gee Th Ck ae ee $582,229 
COG ete ie perce A Ate ae ee Sean 635,821 
TOOT fence tee ee hah eee 688,148 
Teor = deo a Re TNR On is Ea 790,233 
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In the years noted the production of suberystalline marble in 
the United States, as indicated by the production of Tennessee, 
ranged between eight per cent and ten per cent of the total output 
of all kinds of marble in the United States. 

The distribution of the total Tennessee output by uses, for 


the years 1908 and 1909, was as follows: 


Use 1908. 1909. 
Sold rough, for 
Buildingstoness een. en oe cee $83,764 $130,315 
Monumentalestonemane- ti ecenin ae eens 10,755 4,625 
Otherpurposedste. sie hanno eee eee 37,575 35,575 
Sold dressed, for 
Building stonesec. eee eee ee 78,440 36,478 
Monument alee ss. seen. foc cee ee ere 17,590 4,275 
Interromdecorationsech aaa ee eae 551,449 394,973 
Ophermpurposese, eee eye eee 10,660 7,500 
Total Tennessee output...........---.>-. $790,233 $613,741 


Reference List on Fossiliferous Marbles. — The following 
brief list includes the titles of the more important publications 
referring to the Tennessee marbles, which are the only exten- 
sively developed fossiliferous marbles in the United States. The 
report by Gordon is by far the most detailed and important one 
in the list. 

Cotton, H. E., and Gattinger, A. Tennessee building stones. 


Reports 10th U. 8. Census, pp. 187, 188. 1884. 
Gordon, C. B. The marbles of Tennessee. Bull. 2D, Tenn. Geol. Sur., 


Vol. 10, 


33 pp. 1911. 
Keith, A. Tennessee marbles. Bull. 213, U. S. Geol. Sur., pp. 366-370. 
1903. 


Willis, B. The marbles of Hawkins County, Tennessee. 
Mines Quarterly, vol. 9, pp. 112-123. 1888. 


School of 


ONYX MARBLES. 


Origin and Character.— The onyx marbles are deposits of 
relatively pure calcium carbonate, deposited by waters which 
have carried it in solution. The deposition may take place at 
the surface, around the exits of springs, or in caves along the 
course of flow of underground waters. 

During the course of this deposition, which is usually a slow 
and not necessarily continuous process, changes may take place 
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in the composition of the dissolved material contained in the 
water; and very slight differences in the amounts of iron oxide, 
organic matter, or other coloring material which is precipitated 
along with the calcium carbonate will be sufficient to produce 
the color banding which is so characteristic and desirable a 
feature of the onyx marbles. 

Uses and Production. — The onyx marbles are of practically 
no structural value, and are used entirely for decorative purposes. 
They are to be compared, therefore, with serpentine and some 
of the more purely decorative crystalline marbles. 

No data are available to determine, even approximately, the 
output of onyx marbles and allied products in the United States. 
In the statistical reports of the United States Geological Survey, 
such output, whatever it may amount to, is included in the 
production of marble and limestone. 

It is known that onyx marbles are produced commercially in 
California, Arizona, New Mexico, and Utah. In the states of 
Kentucky, Tennessee, Virginia, and West Virginia some attention, 
has been paid to the quarrying or mining of the cave marbles, 
but no steady commercial production seems to have resulted 
as yet in any of these states. 

Reference List on Onyx Marbles. — The publications noted in 
the following brief list are of interest as referring to the onyx 
marbles. Of those listed, Merrill’s report of 1894 is by far the 
most important and complete. 


De Kalb, C. Onyx maibles. Trans. Am. Inst. Min. Eng., vol. 25, 
pp. 557-569. 1896. 

De Kalb, C. Onyx marbles. 20th Ann. Rep. U. 8. Geol. Sur., pt. 6, 
pp. 286-291. 1899. 

Gorby, 8. S. The onyx deposits of Barren County, Kentucky. Eng. & 
Min. Jour., vol. 67, pp. 707, 708. 1899. 

Merrill, G. P. The onyx marbles; their origin, composition, and uses, 
both ancient and modern. Rep. U.S. National Museum for 1893, 
pp. 539-585. 1894. 

Merrill, G. P. A consideration of some little-known American ornamen- 
tal stones. Stone, vol. 19, pp. 225-230. 1899. 

Anon. Onyx marbles of California. Bull. 38, Cal. State Min. Bureau, 
pp. 111-114. 1906. 


CHAPTER XI. 


FIELD EXAMINATION AND VALUATION OF STONE 
PROPERTIES. 


Tue valuation of a stone property will usually necessitate a 
careful field examination, some far less important laboratory 
work, and finally a study of the commercial conditions which 
affect values. As a matter of fact, the last of these is by far the 
most important, though it is rarely even referred to in books on 
building stones. 

In the present chapter the field examination of stone properties 
will be taken up, followed by some consideration of business con- 
ditions in the stone industry. Laboratory tests will be treated 
in a later chapter. 


THE FIELD EXAMINATION OF STONE PROPERTIES. 


Scope of Reports. — Reports upon stone properties or quarries 
naturally fall into two quite distinct classes, with different aims 
and requirements. One class would include the detailed expert 
examination of the property as a commercial proposition, looking 
toward placing the stone on the regular market. The other class 
would include the much less detailed report necessary when stone 
from a certain property or quarry is offered for an important 
engineering work. In this latter case the question before the 
engineer is simply whether or not the quarry can reasonably be 
expected to supply a sufficient quantity of stone, of quality satis- 
factory for the proposed work. In the former case, where the 
expert report will probably be used as a basis for exploiting the 
property, many other features of the proposition will require 
careful examination; and a complete report of this class should 
include sufficient data to answer the following questions: 

(1) Is the stone of such character that it can find a market 
when placed in competition with stone from existing quarries? 

(2) Is there sufficient quantity of good stone to justify the 
investment necessary for lands and plant? 
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(3) Can the stone be quarried and transported cheaply enough 
to compete with existing quarries? 

The property to be examined may be a quarry, either working 
or abandoned, or it may consist entirely of .undeveloped land. 
In the first case there will be little difficulty in seeing enough of 
the stone to form a good idea of its character, extent, etc., and 
actual exploratory work will usually be unnecessary. Occa- 
sionally, however, drilling or trenching will be required, even 
when a quarry has been opened on the land, before a safe estimate 
can be made as to the quantity of stone available. When the 
land is entirely undeveloped, the case becomes more serious. 
Road cuts, railroad cuts, and stream banks must then be carefully 
examined; and hillsides will often furnish fairly good natural 
outcrops. In some cases this will be sufficient, but if the pro- 
posed investment is heavy it will be best to drill or trench. The 
choice between these two methods of examination will depend 
largely on the kind and structure of the rock. In limestones or 
sandstones dipping at a high angle, trenching across the strike 
of the beds will be least expensive, and more satisfactory than 
drilling. For granites also, which show no bedding, trenching 
is best. But if the rocks are limestones or sandstones lying hori- 
zontally, or nearly so, drilling will usually be more satisfactory 
than trenching; and for roofing slates this method is always to 
be preferred. A small face can also be opened up at the point 
which seems best suited for the site of the proposed quarry, and 
information as to the actual working properties of the stone can 
thus be obtained. 

Exploration required. In nine cases out of ten, however, the 
engineer called to report on a stone property will find that little 
exploratory work is required. Building stone is so common a 
product that a land owner rarely becomes enthusiastic enough 
about it to ask for an expert opinion unless the rock has been 
quarried on his own or a neighboring property, or else shows 
naturally in some particularly imposing cliff. 

In examining a stone property, there are practically only two 
cases in which it will be advisable to go to the expense of using 
the diamond drill. These are: (1) in a slate deposit, and (2) in 
a marble bed dipping at a high angle — 45 degrees or more. In 
both these cases the actual quarries are apt to take the form of 
deep narrow cuts, and for this reason it will pay to determine the 
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character of the rock to some depth. But in all other cases a 
core drill will give little information of value. Stone can rarely 
be profitably worked by mining, so that a drill core showing 
that a good bed of stone occurs at some considerable depth is 
hardly of much service. In a granite quarry of such limited 
areal extent that deep workings seem probable, it may pay to 
take out a few 40- or 50-foot cores in order to be sure that 
the color and texture of the stone will continue to be satisfactory, 
but in most cases drilling a stone prospect is unnecessary and 
unadvisable. 

The case is, of course, very different when the stone is to be 
used for some purpose in which its exact chemical composition 
is of importance. If a sandstone is to be used for glass, or a 
limestone for cement, core drilling is practically the only means 
of securing good samples for analysis of all the beds of the rock. 
But this is a case which hardly enters into the field of the present 
volume. 

Schedule for Notes. The following form was devised for use on 
the United States Geological Survey, as a general guide for secur- 
ing the proper kind and amount of data regarding developed stone 
properties. Though this form was planned for a special purpose, 
it will serve as a useful framework on which to hang brief notes on 
the principal points to be observed in examining either a quarry 
or an entirely undeveloped property. It will be seen that many 
of these points can be disregarded if the report is to be merely on 
the question of whether or not the property can supply enough 
good stone for a given engineering work. But for a complete 
report, to be used as a basis for valuing or financing the property, 
all these points must be considered. A few of the questions, of 
course, can apply only to a working quarry. 


SCHEDULE FOR QUARRIES. 


Nameyandaddressiohownerstece ee ee eee ee ee eee 
INamerandladdress:otslessees if: an yeeeeee enn eee eee eee 
Mocation Ol quarry: ssc & ose Mle ee gee ee 
Area of quarry, maximum and average depths.....................-. 
AMOUNt And) Character Ol suripDl0 ene eaten ee nner aan ene 
Dramage:conditions: gv. 5 scsi oe ee eee 
Machinery, hoists, compressors, drills, channelers, steam shovels, pumps. . 
Methods: of hoisting: Sait eo. sek eee eine Sete eee 
Methods of transportation 


OSSD OSS CO 


a 
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ee CRCOLO LICE ADC Meee eR E Pen Nera oe keno hehats cab areca on ER 
NS ee SULT OVATIC (Chi Pave anereneee terete hannah sere S os nici scete es Aca gta oie char caIN 
14> uhicknesstof bedsi(iorsediments)® 2... 6. lac ocd.-5 seen cee eee 
15. Distribution and spacing of joints (for granites, etc.).................. 
16. Segregations, dikes, cleavage (for slates), etc. (for granites)............. 
liven Color texture; and composition of rock. ..27..0..)....++.24450 bao 
LSMMVISIDlenINpUTitics wis nry ens hae erste iciee ob oxo Se ke 
19. Discoloration or weathering on natural exposed surface................ 
20. Chemical composition: name and address of analyst.................. 
21. Uses. (a) for limestone; dimension stone, rough stone, road metal, railway 
ballast, lime, flux, carbonic acid, pottery, natural cement, 

Portlandicement ss ete ne ee we hee Ae ey a cae 

(6) forsandstone; building stone, grindstones, paving, and flagging, 

PIASS SAN Geen ie Pee ers Ree pee nN ts ey mic 

(c) for granites, etc.; dressed building stone, monumental, rough 

StOREN DAVIN OCLC see ee ne meee ety nice hater G oe 

22 ePADTUA MPLOMU CLLON me eens tees erirte ese) Seite enter 3,0 ae oer 
23. Sales prices per cubic foot or other customary measure................. 
JA Lotalamountrinvestedy a. te wet eis obtusa beet lela cose weeks 
DAs, IDEN COVE) NLSVAUDATER (OREN AYin Gg ap bees GO HAD EAU OTOH MOAR OOo bee 
ZOmELrINcipaAlamMarke typo usswerncn pet ilar n ore tori ante ae 
As IBanavoryl loyunlketvavass ove Yor ss EWTN on domo ccuacasonoeccuabesenodec 


Grain. — Among the principal points to be noted are size and 
regularity of grain particularly in granites and sandstones. 

It should, however, be borne in mind that the terms “ fine- 
grained ”’ and ‘“ coarse-grained,”’ as applied to building stones, 
are entirely comparative, and depend largely on the kind of rock 
under consideration. A granite, for example, whose constituent 
minerals averaged + inch in diameter would be a rather fine- 
grained rock, for a granite. But a sandstone whose grains were 
of that size would properly be called a very coarse-grained stone; 
and in a limestone or marble grains of this diameter would be 
exceptionally large. 

It would be better, though a little more troublesome, to discard 
such vague comparative terms when describing a building stone, 
and to state the approximate average diameter of its constituent 
particles in fractions of an inch. 

In addition to the average size of grain, variations in size are 
to be noted. In most building stones the grains, in any given 
slab, will be of about the same size. But in some igneous rocks 
—as the porphyries, for example — the mass of the rock will 
consist of a very fine-grained groundmass, scattered through 
which are large crystals, usually of the least fusible constituent. 
In sandstone, also, a similar irregularity of grain is often observ- 
able, while in the limestones, marbles, and slates such variations 
in size of grain are exceptional. 
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Color. — In regard to color, the points to be considered are its 
tint, its permanence, and its regularity, as all three are matters 
of commercial importance. 

The tint of the stone will, of course, be obvious enough when 
a fresh surface is examined. In describing it, comparisons may 
be made with that of well-known stones already on the market, 
for such comparisons will often convey a clearer idea than any 
simple statement. 

The color of an absolutely freshly broken face of the stone 
should be compared with that shown by a natural weathered 
surface in order to determine the probable permanence of the 
tint. If the stone has been quarried and used at some known 
date in the past, search should be made for old buildings or old 
blocks in the quarry, as these will give a definite idea as to the 
color changes which are likely to occur in a given tint. 

In sedimentary rocks, different colors will probably be shown 
by different beds, but in any given bed the color should be prac- 
tically uniform throughout. Any differences which exist between 
the color of different beds, or of different parts of the same bed, 
should be noted. In granites and allied igneous rocks, it is often 
observed that irregular blotches occur at intervals, destroying 
the uniformity of the color. In all these cases, an estimate 
should be made of the ease or difficulty of supplying a large 
amount of stone of some particular tint; for most contracts for 
buildings will contain some requirement in this line. 

Joints. — The jointing of the rock is one of the principal 
features to be noted, for usually it determines the size and shape 
of the largest blocks that can be quarried. Most igneous rocks, 
and many sedimentary deposits, will show three intersecting 
systems of joint planes, though they may be only apparent on 
a very close examination. Frequently one of these systems is 
nearly horizontal, and the other two close to vertical. The 
horizontal joint plane, if present, requires no special description, 
but for planes vertical or even slightly inclined to the horizon 
the direction and amount of dip of each system should be re- 
corded. This done, the regularity and amount of the spacing 
between the successive joints of each system is to be noted, and 
finally the comparative importance of the various systems is 
considered. 


The following example gives a typical case of a description 
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covering the points just noted: ‘‘ The granite is cut by three 
series of joints. The first series is by far the strongest, and is 
practically horizontal, its planes being spaced from 3 to 6 feet 
apart. The second series in order of importance is almost ver- 
tical, striking N. 30° E. and dipping 80° N. W.; with the spacing 
varying from 6 to 15 feet, the former being nearer the average. 
The third series is comparatively weak, showing only in certain 
parts of the quarry, its planes strike N. 45° W., and dip 72° N. E., 
while its spacing, where the planes are visible, is from 6 to 
10 feet apart.” 

Impurities. — The presence of iron pyrite, nodules or bands of 
chert, iron stains, pockets of clay, etc., is to be looked for with 
care. This is particularly important when the stone under con- 
sideration is a marble, a limestone, or a slate. 


Fig. 22. Concentric weathering of granite. (Photo by J. E. Taff.) 


Segregations and Dikes. — Granite outcrops or quarry faces 
frequently show lenticular or irregular segregations of the dark- 
colored mineral constituents of the rock. Similar concentrations. 
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of coarse-grained feldspar and quartz also occur. Often the 
outcrop or quarry is crossed by a dike or band of some other 
igneous rock. 

Weathering. — The examination of old buildings, and of 
natural exposures of the stone under test, are valuable aids to a 
determination of its probable durability. Field examination 
requires, however, a good knowledge of the geological history 


Fig. 23. — Boulders showing decay of basic igneous rock. (Photo by 
E. C. Eckel.) 


of the area in which the quarry occurs, as the degree to which 
a natural exposure of the stone has disintegrated will depend not 
only on the character of the stone, but on the length of time it 
has been exposed to the weather. Rock areas in New York 
and New England are rarely weathered deeply, as this district 
was swept clean during the Glacial period, while rocks of similar 
type and equal durability in the Southern States may be covered 


by from 50 to 150 feet of material resulting from their own 
disintegration. 
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VALUATION OF STONE PROPERTIES. 


In the present section attention will be directed to certain 
aspects of the stone industry which have not heretofore been 
discussed in print, but which are of great and i or cainee interest 
to the engineer. 

The Engineer’s Responsibility for Flotations. — In the present 
condition of the stone trade any one, whether experienced or not, 
is likely to be called upon to examine and report on stone prop- 
erty. If the matter ended there, this condition would affect no 
one except the owner; and the present section would not need 
to be written, for the preceding portion of this chapter covers the 
principal points which must be considered in a merely technical 
examination of a quarry property. But there are indications 
that the stone industry is now beginning to develop in a larger 
way, and there is the certainty that, if an engineer’s name has 
any value whatever in banking or business circles, his report will 
be used as a guarantee, not only of the technical soundness of 
the proposition, but also of its financial soundness. It is one 
thing to say that a stone is attractive in appearance, that it is 
probably durable, that it can be quarried at reasonable cost, and 
that it exists in a certain tonnage on agiven property. It is quite 
another thing to recommend, even by implication, the purchase 
of securities issued against this same property. 

This difference in attitude should of course be obvious, and 
there should be no difficulty in distinguishing between the two 
cases. But as a matter of fact if an engineer of any standing 
reports on a new enterprise it is almost impossible for him to 
word his report so carefully as not to have it accepted as a guaran- 
tee, not only of technical conditions, but of the financial security 
of the enterprise. Engineers are not the only persons likely to 
encounter this difficulty, and the only reason for their greater 
care is that the public expects more from them. By this time 
the public has become accustomed to seeing admirals, clergymen, 
generals, and senators appear as sponsors for oil companies, 
mining promotions, and all sorts of swindles — and it looks on 
this in the charitable conviction that of course they can know 
nothing about these businesses and are simply foolish. With 
an engineer, however, the case is different, and the view taken 
is usually far from charitable. 
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Present Status of the Stone Industry. — Unlike.most other 
American industries, the stone trade is still largely in the hands 
of individuals, or of relatively small firms or corporations. The 
data presented below show that in 1902, the latest date for 
which statistics on this point were available, the various sections 
of the stone trade showed the following results: 


TABLE 95.— AVERAGE PRODUCTION IN AMERICAN STONE 


TRADE. 
A 1 

Kind of ston. oe eat melee || Mout te 

Granite a eran as econ 853 $18,257,944 $21,404 
Slateeeee meat ir a ae ae 174 5,696,051 32,736 
Sandstone. peace ce ee Sea ee 1211 10,601,171 8,754 
[GIMESTONGs a\aelaeen « oeeer Sore 3137 30,441,801 9,704 
Warblok sine utente ete 75 5,044,182 67,256 


It requires only cursory examination of these figures to prove 
that the average quarry operator, especially in the sandstone 
and limestone industries, is not a very important business interest. 
In view of the fact that this condition is likely to change, and 
that the larger companies to come must base their capitalization 
on the experience of the present, it will be profitable to consider 
these matters in somewhat more detail. 

Average Costs and Profits. — The latest detailed figures rela- 
tive to the American stone industry in 1902 are to be found in a 
report of the Twelfth Census. The figures in the following table 
are copied from that volume. 


TABLE 96.— DATA RELATIVE TO THE AMERICAN STONE 
INDUSTRY IN 1902. 


Granite. Slate. | Sandstone.)Limestone.| Marble. 

Number of firms or corporations....... 853 174 1,211 3,137 75 
quarries operated.................. 906 199 1,304 3,246 83 
Number of salaried officials............ 1,377 437 847 2,231 352 
JADOLETS SAE tee ene 18,836 5,920 10,448 31,547 4,070 
Total power employed, H.P............ 46,986 25,454 25,652 64,500 14,286 
Total expense for salariegy.............. $1,227,885 | $334,879 $713,579 | $1,843,747 | $341,021 
WASCS) etree be: asia Me rs aetaeteeeye 11,072,996 | 3,177,459 | 6,153,060 | 14,750,638 | 2,212,640 
quarry rent, royalties, etc.......... 194,892 269,267 195,968 422,693 65,385 
office rent, taxes, CbC.0 055) 154.0... 615,314 176,878 682,812 | 1,017,388 317,492 
supplies and materials..............| 2,493,065 680,361 | 1,298,190} 5,403,912 825,822 
PROtACOsts weak ect ete $15,604,152 |$4,638,844 | $9,043,609 |$23,438,378 |$3,762,360 

Total value of product........... 18,257,944 | 5,696,051 | 10,601,171 | 30,441,801 | 5,044,182 
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The Census Report figures, though interesting in themselves, 
can readily be treated so as to give more valuable data on costs. 
Unfortunately the report gives no hint as to the quantity of stone 
produced during the year, so that the costs per cubic foot can- 
not be deduced. But the elements that make up the total cost 
in each industry can be determined, as well as the percentage of 
profit. All these factors can be expressed in percentages of the 
total cost. 


TABLE 97.—ELEMENTS OF COST IN STONE QUARRYING IN 
PERCENTAGE OF TOTAL COST. 


Granite. | Slate. | Sand- | Lime- | yarpie, 
Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
DALATICS ae. eet Sarai eens ae (88 22 ne SO\ ar SO) On OW 
We SBapet nO netsh rey norm ati dete 70.97; 68.49} 68.04) 62.94) 58.81 
Quarry rent, royalties, etc......... WW yet aly aE tO) he 7! 
Office renttaxes, ete... .......... 3.94, 3.81} 7.55) 4.34) 8.48 
Supplies and materials............ T5EOTi 1486714 3519 23,06) 2195 
HMotalecoststme a. c ee ea 100.00} 100.00} 100.00) 100.00) 100.00 
Valuelotsproducten.ss.e ee: 117.01) 122.8 | 117.2 | 129.87) 134.1 


The Financing of the Future. — From the data given in pre- 
vious paragraphs it can be readily understood that the stone 
trade of the present day is on a very different basis from most 
of the other large industries. For the most part, it is handled 
by small operators, whether individuals, firms, or corporations. 
In many cases, particularly in the sandstone and limestone trades, 
the quarries are operated only at intervals, and are not the most 
important business interests of their owners. It is, in the writer’s 
opinion, highly improbable that this condition will last much 
longer, for in many cases there are opportunities for the develop- 
ment of the business on a larger scale. 

If the stone trade of the future is to be a more highly concen- 
trated industry, it will require financing on a different basis than 
is now employed. A company operating a number of quarries, 
in different localities and on different classes of stone, must put 
all of its affairs on a permanent and definite basis. And it is 
this type of company, capable of taking contracts for any type 
of stone at any delivery point, that seems to offer the only 
possibility for large profits in the stone industry. 

Characteristics of Industrial Bonds. — Among the few quarry 
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companies which have offered their securities during the past 
few years, there is seen the same tendency toward financing by 
means of bond issues that has become so serious a feature in 
other industries. 

As distinguished from railroad bonds, industrial bonds are 
inherently subject to one point of danger. 

A railroad line, even if temporarily unprofitable, is rarely 
entirely abandoned, for the growth of traffic with the growth of 
the country will gradually transform it into a profitable enter- 
prise. In addition the natural increase in the value of the real 
estate which it must own, and particularly in the value of its 
terminals, aids in placing material assets in back of its bonds, 
irrespective of the earning power of the line itself. This con- 
dition is characteristic of a growing country, and can be expected 
to persist for some time in the United States. When it finally 
ceases, railroad securities will lose one great element of their 
strength as compared with industrials. But until that time 
comes this condition must be reckoned with. 

An industrial bond, on the other hand, must always face the 
danger that the original project was inherently unsound in plan. 
Men embark in new industries, or in old industries at new loca- 
tions, with the expectations that a marketable product can be 
made at a given point, that it can secure a sufficiently large 
market, and that the prices realized will be above the cost of 
manufacture and delivery. If all of these expectations are 
realized the operation will be profitable. But if any one of the 
three elements turns out to have been estimated erroneously, the 
enterprise will necessarily be unprofitable. This in turn will 
finally mean default on the bond interest, for which the only 
remedy is foreclosure — and in the case of an unsuccessful in- 
dustrial enterprise foreclosure offers little hope for the bond- 
holders. Unless it can be determined that the failure is due, 
not to inherent unsoundness of the project, but to mismanage- 
ment, there is, of course, no inducement for anyone to reorganize 
the company and to put the plant into operation again. The 
scrapping value of an inactive and unsuccessful mill is small, 
and there is rarely sufficient real estate to aid materially in 
paying off the bonds. 

Raw Materials as a Basis for Bond Issues. — The effect of 
these conditions must be considered when an attempt is made to 
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place a value on bonds issued by a quarry company. Especial 
care must be taken when the bond issue is so large that some or 
all of it is based, not on tangible property, but on an assumed 
value for the stone properties held. Each case must, of course, 
be considered separately, but the writer believes that the follow- 
ing rules will be found almost universally applicable: 

1. Under ordinary competitive conditions, the raw materials 
should not be credited with any. value whatever in determining 
the security back of a proposed bond issue on a new quarry 
enterprise. 

2. If the stone to be quarried is of a peculiarly desirable 
quality, and if the supply is so closely controlled as to possess a 
distinct and measurable monopoly value, this can be taken into 
the account. 

3. If the operation, though the supply of stone is not entirely 
controlled, possesses differential freight rates to an important 
market over its nearest possible competitor, the increased profits 
arising from this source can fairly be considered as an element in 
valuation, and some portion of these excess profits can safely 
be capitalized in the form of bonds. 

Stock Issues against Quarry Projects. — In the preceding 
sections it has been pointed out that bonds issued against new 
quarry projects are necessarily open to criticism, and are often, 
if not usually, of doubtful security. 

With regard to stock issues the case is very different. There 
is no absolute necessity that bonds be issued at all, but there is 
the practical certainty that any large enterprise will be put in 
corporate form, and this implies the issue of at least one class of 
stock. There is, therefore, no question as to the necessity or 
propriety of a stock issue, the only problem being the proper size 
of such issue. The question here concerns the practice which 
public-spirited Congressmen from agricultural districts hold up 
to public execration as stock watering. 

From the rigidly conservative point of view, stock watering 
is the issue of stock in such quantity that the total par value of 
the outstanding securities exceeds the amount of cash actually 
invested in the enterprise. If this definition were commonly 
accepted, it might truthfully be said that no business corpora- 
tion, in any country or at any time, ever had absolutely un- 
watered stock. 
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The banker or business man interested in industrial enter- 
prises, however, would modify this definition materially. To 
him, watered stock is stock issued in excess of the capitalized 
value of the average annual net profits of the enterprise. In the 
case of an established industrial enterprise, this capital value 
might be estimated by capitalizing the actual average net earn- 
ings, over a term of years, after allowing for depreciation and 
other proper charges, on a 7 per cent basis. In the case of an 
entirely new enterprise, since the prospective profits are certain 
to be estimated too high, the average probable earnings could 
only be capitalized on a much higher interest basis, say, at a 
10 or 15 per cent rate. 


CHAPTER XII. 
LABORATORY TESTING OF STONE. 


Trend of Testing Methods. — Though cement and stone are 
closely related structural materials, the study and testing of their 
properties have taken curiously divergent courses. 

The stibject of cement testing has for many years been of 
great interest to both engineers and cement manufacturers, and 
much attention has been paid to devising methods which would 
best bring out the structural value of the material. Through 
the efforts of powerful engineering and trade societies, both 
general tests and methods of manipulation have become fairly 
well standardized, and it is now possible to compare, within 
certain limits, results obtained by different workers and in 
different laboratories. The German Association of Portland 
Cement Manufacturers has done much in this direction, while 
in the United States the American Society of Civil Engineers 
has taken the lead in the standardization of physical tests of 
cement, and the Society of Chemical Industry has been engaged 
in securing uniformity in the methods of chemical analysis. 
The testing of cement, as compared with that of building stone, 
has, of course, the advaniage that information gained by tests 
can be applied to the methods of manufacture so as to avoid, in 
future, defects which may have been detected. 

The testing of structural stone has, in the meantime, taken 
an entirely different course, and with less satisfactory results. 
Though earlier contributions to the study of the subject had 
been made, the work of Gen. Q. A. Gillmore thirty years ago 
may be regarded as the foundation on which the modern study 
of building stone testing has been based. The accuracy of cer- 
tain of Gillmore’s conclusions may be questioned, but the real 
value of his work cannot be minimized. Physical methods of 
testing building stone have advanced but slightly since his day. 

Since the time of Gillmore’s work, however, another phase of 
the subject has been studied. The principal recent investiga- 
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tions have been made, not by engineers, but by geologists; and 
these have been concerned with the durability, rather than with 
the strength of the material examined. This fact has exercised 
a very appreciable influence on the course which the study has 
taken. Any present-day report on building stones, whether it 
be a private report on individual quarries or a public report 
issued by Federal or State geological surveys, will be found to 
show the influence of the classic work of Hawes, Merrill, and 
Julien, as embodied in the ‘“‘ Report on Building Stones,”’ which 
forms Vol. 10 of the Tenth Census Reports. 

The result of the division of the subject between geologists 
and engineers has been that little attempt to secure uniformity 
of methods has been made by any of the engineering societies 
which alone are strong enough to carry out such an attempt. 
This unsatisfactory condition, which prevents comparison of 
the results obtained in different laboratories, is due in large part 
to the complexity of the subject, and in so far can be obviated 
only by further work. It is due in part, however, to the con- 
ditions under which previous investigations have been carried 
on, and to better these united effort is essential. 

It would appear desirable that this subject be taken up by 
one or more of the American engineering societies, which alone 
possess sufficient influence to make any proposed series of tests 
the standard. In one way, indeed, it will be easier to secure 
uniformity in this branch of investigation, for testing machines 
capable of handling a stone cube are much fewer in number than 
are the smaller machines used for testing cements. 

Data Required from Tests. — The points which an engineer 
or architect desires to know concerning any building stone are 
two. in number: 

(1) Is the stone strong enough for the use to which it is to be 
put? 

(2) Will the stone retain its strength, structure, and color 
after exposure for a long series of years to the natural and arti- 
ficial agencies which may be expected to attack it? 

The two prime requisites of a building stone are, therefore, 
strength and durability; and most of the different tests which will 
be discussed in the present chapter have been devised merely 
to determine one of these two points, either directly or indirectly. - 
This fact is sometimes lost sight of by the experimenter who, in 
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his zeal for distinction, devises tests which may be of interest 
in themselves but which throw no light on the questions of real 
importance. 

Classes of Tests Applied. — As a matter of convenience, it 
seems advisable to group the various possible laboratory tests 
according to the kind of information which they will give re- 
garding the specimen under test. This has accordingly been 
done in the following scheme. 


I. Tests to determine composition Chemical analysis 
and structure Microscopic examination 
( Specific gravity 
II. Tests to determine density 4 Weight 
\ Porosity 
Absorption 
| Pres 
III. Tests to determine durability Sulphate of soda 
Resistance to acids 
Heat 
Compression 
Transverse 
Shear 
Elasticity 
Fatigue 
Hardness 
| Abrasion 
l Impact 


IV. Tests to determine strength 


I. TESTS TO DETERMINE COMPOSITION AND STRUCTURE. 


Chemical Tests.—In regard to uniformity in analytical 
methods marked progress has been made during the past few 
years. Dr. W. F. Hillebrand has described * in great detail the 
methods of rock analysis followed in the laboratory of the United 
States Geological Survey, and it seems probable that future 
progress in the standardization of such methods will follow closely 
along the lines of his paper. The analysis of materials for the 
manufacture of Portland cement, a subject which necessitates 
discussion of analyses of limestone, has been reported f upon by 
a committee of the Society of Chemical Industry. If followed 


* W. F. Hillebrand. Some principles and methods of rock analysis. 


Bull. 176, U. S. Geol. Sur. 
t+ Report of the subcommittee on uniformity in analysis of materials for 


the Portland cement industry. Jour. Soc. of Chem. Ind., vol. 21, pp. 12-30. 
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by chemists engaged in industrial work, the methods advocated 
in the two papers noted will result in greater accuracy in deter- 
mining the chemical composition of rocks, as well as greater 
uniformity in the statement of results. 

The practical value of a chemical analysis depends largely on 
the type of rock in question. In the case of a granite, trap, or 
other crystalline igneous rock, an analysis is of itself of little 
service, though it may do some good if taken in connection with a 
careful microscopical investigation. With sandstones, analyses 
are somewhat more useful, in determining the character of the 
cementing material, though even here a microscopical investi- 
gation will probably be more serviceable. The value of a chem- 
ical analysis is greater in the case of limestones and slates, 
particularly the latter. 

Microscopic Examination. — The examination, under the 
microscope, of thin sections of a stone serves to determine the 
characters and condition of the component minerals, the shape 
and method of aggregation of the individual grains; and, in the 
case of sedimentary rocks, the character of the cementing material. 
Microscopic examination, therefore, is perhaps the most valuable 
single test; but it is the one which can least readily be applied by 
the quarryman or engineer, as instruments and training are rarely 
obtainable. 


Il. TESTS TO DETERMINE DENSITY. 


Of the various properties of stone that may be selected for 
testing, three are so intimately related that they must be con- 
sidered together under the head of tests to determine density. 
The three properties in question are: 

(1) Specifie gravity. 

(2) Weight per cubic foot. 

(3) Porosity. 

Of these, the first and second are readily determinable by 
direct experiment. The third cannot readily or accurately be 
determined by experiment, but can be ascertained by calcu- 
lation when the weight and specific gravity are known. 

Interrelation of These Properties.— The specific gravity of 
any mass of material is the ratio between its density and that 
of an equal volume of water. There is, therefore, a very simple 
relation between the specific gravity of any nonporous body 
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and its weight per cubic foot, and the two are convertible accord- 
ing to the following formulas, assuming that a cubic foot of 
water will weigh 62.4 pounds. 


(1) Specific gravity <X 62.4 = weight in pounds per cubic foot. 


Weight in pounds per cubic foot 
O 62.4 


= specific gravity. 


If we were dealing with a thoroughly homogeneous and non- 
porous material, such as rolled steel or coined gold, the above 
statements would cover the whole case. But in dealing with 
stone, which is rarely homogeneous and usually very porous, 
the matter becomes more difficult, and any apparently simple, 
direct statement regarding it is apt to be misleading. 

The difficulty arises from the fact that a stone is made up of 
a number of solid nonabsorbent mineral particles, separated by 
pore spaces of greater or lesser size and amount. We might 
attempt to determine the specific gravity of the stone by simply 
weighing a fragment in air and then in water, using the familiar 
formula: 
Weight in air 
of weight in water 


Specific gravity = Tee 


But the value thus obtained would not be the true specific 
gravity of the stone. It would always be lower than the true 
specific gravity, because of the pore spaces in the rock. This 
fact is often stated in discussions of testing methods, and various 
devices have been employed to overcome the difficulty. In the 
opinion of the writer these attempts have been wrongly directed, 
and have tended to lessen the accuracy of the results rather than 
increase it. 

The true specific gravity of any stone is equal to the specific 
gravity of its solid particles. It can only be determined, there- 
fore, by grinding the stone to powder, and finding the specific 
gravity of this powder. Any other method of ascertaining it 
will give erroneous results, the amount of the error being pro- 
portional to the porosity of the original rock. 

The weight per cubic foot of the stone can best be obtained by 
direct weighing of a carefully measured cube or slab. The 
accuracy of this direct method depends on the precision of the 
measurements and weighing, and on the smoothness of the faces 
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of the cube. A polished specimen, for example, should give 
very accurate results. 

The porosity of the stone can be deduced if the true specific 
gravity and weight per cubic foot are known. The formulas 
for converting these three factors are as follows: 

g = true specific gravity of powder. 

w = apparent weight per cubic foot by direct weighing. 

p = percentage of pore space. 


100 — p _ 6240 g — 62.4 gp | 

(1) w = 62.49 X 00 ne en ee 
100 w_ 
100 w 


ORCS Srnwar oro 


These formulas are of use, of course, only when the true specific 
gravity and the weight per cubic foot of the stone have been cor- 
rectly determined. When the so-called ‘ specific gravity ”’ and 
“‘ weight per cubic foot ’’ have been determined by the inaccurate 
methods in common use the formulas cannot be applied. 

Methods of Determining Weight per Cubic Foot. — The weight 
per cubic foot of a stone, as that term is here used, is the actual 
weight of a cubic foot of the dry stone, without allowance for 
pore spaces. 

Two methods may be employed in making this determination. 
The first of these, though apparently the cruder, is in reality 
subject to less error. 

(1) Direct Weighing. — A cube or slab of the stone is carefully 
measured, and its volume calculated. It is then weighed with 
equal care. The weight per cubic foot is then, simply, weight 
in pounds per cubic foot = weight of specimen in pounds X 

1728 
ann of specimen in cubic inches 
weighing, should have been dried for several hours at a tem- 
perature of about 110°C. in order to remove water. As errors 
in either measuring or weighing decrease as the size of the speci- 
men increases, it should be as large as possible. With polished, 
well-squared specimens the results obtained by this method are 
very accurate. ‘Their accuracy decreases, of course, as the faces 


The specimen, before 


ly be 
; 
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of the cube or slab are rougher or more irregular; but the cubes 
employed for compression tests will give very satisfactory re- 
sults. 

(2) Weighing in Water. — A method which some testing labor- 
atories use to determine what they erroneously call the “ specific 
. gravity ” of stone, is in reality a very fair method for obtaining’ 
its weight per cubic foot. 

The specimen is dried and weighed in air. It is then suspended 
in water and weighed as quickly as possible, so as to avoid much 
absorption. If w equals weight in air, and w!, weight in water, 
then: 

Ww 
Ww 


X 62.4. 


Weight in pounds per cubic foot = 


Porosity. — The percentage of porosity of a stone is the ratio 
between the volume of pore spaces in any specimen and the total 
apparent volume of the specimen. There is no simple method 
of determining this by direct experiment, but on a preceding 
page it has been pointed out that the porosity can be calculated 
readily if the true specific gravity and the apparent weight per 
cubic foot have been determined. The formula to be used for 
this purpose is 
100 w 
62.4 9 
in which p = percentage of pore space. 

w = apparent weight in pounds per cubic foot. 
g = true specific gravity. 


p = 100 — 


The value thus obtained is of interest simply as fixing a maxi- 
mum for the amount of water that can be absorbed by the stone 
under the most favorable circumstances possible. Actually, as 
below noted, the absorption rarely approaches this theoretical 
maximum. 

Value of Density Tests. — (1) When stone is to be used for 
certain purposes, a high weight per cubic foot is per se an ad- 
vantage. This is particularly the case with regard to stone to 
be used under water, as in dams, breakwaters, and shore pro- 
tection works. For such purposes a trap, weighing perhaps 
180 pounds per cubic foot, is a far more satisfactory material 
than a sandstone weighing only 140 pounds. The real ratio 
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between the value of these two stones would not be simply that 
of their weights, as 180: 140, but a much higher ratio. As 
Johnson has pointed out, the effective weight of a stone in under- 
water construction is its weight minus that of an equal quantity 
of water. In the example just cited, therefore, the real ratio 
of effectiveness between the two rocks would not be simply 
180 


140° 9: % but 


180 —62.4 117.6 


140 62.4 ~ 77.6 OF almost 11:7. 


Obviously there is a distinct advantage to be gained by using 
stone of high specific gravity for such purposes. 

(2) Aside from the case above mentioned, where high specific 
gravity is of itself desirable, it is always desirable because of the 
other physical properties which it indicates. It may be accepted 
as axiomatic that in any particular group of stones, the one show- 
ing the highest weight per cubic foot is almost certainly the strongest 
and least absorbent. A limestone weighing 160 pounds per cubic 
foot is, therefore, other things being equal, to be preferred to one 
weighing only 140 pounds. The same is true with regard to 
sandstones. Granites and traps, however, show such a small 
percentage of absorption that the relation between weight and 
absorption becomes of little practical importance. 


Il. TESTS TO DETERMINE DURABILITY. 


Expansion. — It has long been recognized that much of the 
lack of durability of building stone is due to the effects of changes 
of temperature. These operate to disintegrate the stone be- 
cause, except in the case of an entirely homogeneous material, 
the various component minerals will have different ratios of 
expansion on heating, as in a granite, while in sandstones the 
cementing material and the enclosed grains or fragments may 
expand unequally. 

The tendency of a stone to exfoliate or disintegrate under 
changes of temperature can obviously be tested directly, and 
uniformity in the method of applying the test may be obtained 
without difficulty. 
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Absorption. — The mineral particles of which a stone is com- 
posed are themselves practically nonabsorbent, but a certain 
amount of space always exists between these particles. This 
percentage of pore space can be determined from formula 2 on 
page 200. Its principal interest lies in the fact that it fixes a 
maximum limit for the amount of water that the stone can 
absorb. A stone containing 5 per cent of pore spaces can ob- 
viously never absorb more water than would fill this 5 per cent 
of unoccupied space. In reality, under ordinary conditions, it 
would never absorb nearly as much as this theoretical maximum. 
Direct absorption tests can of course be readily carried out; and 
would be of value if different experimenters would accept some 
definite standards of practice in the matter. 

Frost Tests. — Changes of temperature, as indicated above, 
may of themselves cause serious injury to a stone; but when 
taken in connection with the action of water contained in the 
pores of the stone, the effect is greatly augmented. The tests 
applied for expansion are mainly to determine the effect of alter- 
nate heating and cooling, and particularly of high heating and 
rapid cooling. The tests for porosity or absorption, on the other 
hand, are carried out with a view to determining the probable 
resistance of the stone to the action of frost. Other things being 
equal, it is obvious that the stone which absorbs the greatest 
quantity of water per cubic inch in a given time will be the stone 
that is subject to the greatest injury at low temperature, owing 
to the freezing of the water contained in it. It is of course de- 
sirable to check up this mode of reasoning by carrying out actual 
freezing tests; and several valuable series of such tests are on 
record. 

The action of frost is frequently simulated by using in the 
absorption test, instead of pure water, a saturated solution of 
some salt, of which expansion, on solidifying, would tend to 
crack or disintegrate the stone. Tests of this type have, how- 
ever, fallen largely into disuse. They will be discussed briefly 
after actual freezing tests have been considered. 

In 1890 Gerber * tested a small series of western building stones, 
the specimens being subjected to alternate thawing and freezing 
by immersing them in water during the day, and at night placing 
them in cold storage rooms kept at an average temperature of 

* Trans. Am. Soc., Vol. 33, p. 253. 
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0° to 4° F. This was done for about twelve days, and resulted 
in the following losses of weight: 


TABLE 98.—EFFECT OF FREEZING TESTS. (Grrser.) 


Kind of stone. Location. eee mole aD 
imestoncme are er Bedfordselndte ee: ee eee 0.097 
| abn neice one Bedford} Indies oe 0.103 
She, A eater eee eee Stoner@ity, lowes eee 0.134 
WEY rast oa brs ae: Stone: City, lowes rere 0.053 
Se ROUEN Me At IMami<ast olin rere 0.113 
Cen PORE Srhcc® BAW See Nanka tos linn yess 0.106 
US De aes ea i het WAROME. MON. o¢ccseaosceu xe 0.049 
SEEN Nesey ets ei Winona Vinnie eee ee 0.043 
se fen Rie Ce a Se Hannibalay VlOsaeeer errr eee 0.154 
Sandstoneess. 5 tet occ INCU MEN EV MUMS eo ors Bir do oa. Gh Ee 0.068 
at eta 2 Sehr ws A shlandsaWissactsss a eee ee 0.088 


Beare * subjected a small series of British building stones to 
actual freezing tests. The cubes were soaked in water all day, 
and then at night placed outside, being thus subjected to tem- 
peratures of from 20° to 32°F. In the morning the specimens 
were brought inside and thawed by gentle warming. This 
process was repeated ten or twelve times, and then the cubes 
were exposed to the atmosphere and rains for two or three weeks 
in thawing weather. On weighing and testing it was found that 
(1) granite cubes showed no perceptible loss of weight; (2) some 
limestone and sandstone cubes showed losses, never exceeding 
one-fifth of 1 per cent; (3) none of the cubes showed any loss of 
strength as compared with unfrozen cubes. Taking into con- 
sideration the fact that most of the limestones tested were porous, 
loose-grained volites, and that the group of sandstones also 
included some very porous specimens, the small loss of weight 
would seem to prove that this method of testing could hardly 
be regarded as satisfactory. 

Buckley’s tests on Wisconsin stones gave the following results: 


* Proc. Institute Civil Engineers, vol. 107, pp. 350, 351 (1892). 
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TABLE 99. — EFFECT OF FREEZING TESTS. 
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(BUCKLEY.) 


2 Compressive 
SI strength, pounds per 
2 square inch. 
se es 
ag 8 6 
Kind of stone. Quarry. Location. eae 3 2 
3s | 38 3 
ie ‘o e 
eS iacctn re 
aoe eets ies 
Granite Amberg Granite Co../Athelstane..... 025] 19,988] 10,619 
Berlin Granite Co..../Berlin......... .000} 24,800) 36,009 
Nelson Granite Co.../Berlin..........|.03 | 45,841) 32,766 
French Granite Co.. .|High Bridge. . 006) 24,229) 16,019 
Granite Heights Co..|Granite Heights .025| 22,507} 20,306 
Jenks’ quarry.....-.- IRONS So aaeh Gee .035| 18,023} 15,764 
Leuthold quarry..... Granite City. ...|.02 25, 000} 14,886 
Milwaukee Mon. Co../Berlin.......... 015} 34,640} 31,844 
Montello Granite Co..|Montello....... OL 38, 244) 35,045 
New Hill o’ Fair..... Granite Heights |.05 | 27,262} 19,368 
Pike River Granite 
Omer are es INO OYE. 5 5 65 50 c 015} 23,062) 20,442 
Limestone Bauer’s quarry...... Knowles........ .16 | 30,680} 17,005 
Bridgeport Stone Co. |Bridgeport...... .00 8, 098 vi 527 
Gillen Stone Co...... Duck Creek... .|.14 24, 522 28, 392 
Laurie Stone Co...... Sturgeon Bay 013 35, 970) 20,777 
Lee Bros. quarry..... Genesee........ .00 32,992 28,133 
Marblehead Stone Co.|Marblehead 00 | 41,620) 27,366 
Menominee Falls Co. |Lannon......... .00 | 32,710) 13,986 
Giesen quarry....... Fountain City. .}.035} 8,799] 9,462 
Slonyaquant yee: Wauwatosa.....|.012} 18,477) 25,779 
Voree quarry........ Burlington... . .045} 12,827) 7,554 
Washington Stone Co.|Sturgeon Bay ...|.08 | 30,745) 14,943 
Sandstone Argyle Brownstone 
(Coe os mace Comer? ead ne soo enenoee Coe! O40 
Ashland Brownstone 
Comyn ere Presque Isle....|.175} 5,495] 5,930 
Babcock & Smith....|Houghton.......}.140} 5,421) 3,714 
Bass Island B. Co....|Bass Island..... .115| 4,718) 4,808 
Duluth Brownstone... 
hss a Aisle orto ote Fond du Lac....}.200} 5,991] 6,903 
Dunnville quarry.....|/Dunnville.......|.195) 2,722) 3,464 
Grover quarry......- ap Viallenewenne .026| 12,405; 6,141 
BikeLaquactyer eer Bayfieldiennear 13 4,040} 2,958 
Port Wing quarry....|Port Wing...... 133] 5,829) 4,399 
Prentice Brownstone 
(yn sthcrd oem ror Houghton...... 00 4,319] 3,993 


The Brard Test with Sodium Sulphate. — In order to obtain 
any very striking results, actual freezing tests have to be ex- 


tended over a long period of time. 


To avoid this inconven- 
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ience, it was early suggested that the effect of frost might be 
simulated by immersing the specimen in a saturated solution of 
certain salts, and then allowing the absorbed salts to crystallize 
out of the stone. The salt most commonly used for this purpose 
is sulphate of soda, suggested first by Brard, whose name is 
therefore often attached to the test. 

The test as carried out by Luquer was as follows: 

A saturated cold solution of sulphate of soda was prepared. 
“The specimens, which had been carefully prepared, brushed, 
- dried, and weighed, were boiled in the sulphate of soda for half 
an hour, in order to get complete saturation. At the end of the 
half hour it was noticed in every case that the solution was 
slightly alkaline, though at the start it had been neutral. In 
order to prevent any continued chemical action the beakers were 
emptied, the specimens rapidly washed with water, and the 
beakers immediately refilled with the neutral sulphate solution. 
After soaking for several hours, the specimens were hung up by 
threads, and left for twelve hours (during the night) in a dark 
room. In the morning all the specimens were covered with an 
efflorescence of the white sulphate of soda crystals; they were 
then allowed to soak in the solution during the day, and again 
hung up at night. Efflorescing for about twelve hours and soak- 
ing for about the same time constituted a period. The experi- 
ments lasted for eight periods. . . . During the tests the solution 
was renewed from time to time, and appeared to remain neutral. 
The temperature of the room varied from 60° to 70° F. (18° to 
21°C.). Those specimens most affected began to show the 
disintegrating action of the solution very early in the course of 
the experiments. At the end of the ten (8 ?) days the specimens 
were sprayed with the stream from a wash bottle to remove any 
adhering particles, washed in water to remove the sulphate of 
soda, carefully dried in an air bath at about 120° C. and weighed 
again.” 

These tests were carried out in order to determine whether or 
not the sulphate of soda test gave results directly comparable 
with those obtained by actual freezing, a duplicate series of 
specimens being tested at the same time in the latter manner. 
The results of the two series of tests are presented in the follow- 
ing table, and it will be seen that the correspondence is far from 
satisfactory. 
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It may also be noted here that Gerber* carried out similar 
comparative tests, and that his results were equally unsatisfactory. 


TABLE 100.— RELATION OF FREEZING AND SODIUM SUL- 
PHATE TESTS. (LuqQuer.) 


Loss of weight. Ratio 


Per cent. one 
Kind of rock. From sults. 
Sul- Freez- |_Soda__ 
peat) ing. |freezing 
Granite: 
Coarse-grained................ Gallager’s, Me...... 0.1551)0.0138)...... 
Medium-grained.............. Jonesborough, Me.. .|0.0655|0.0176|...... 
Hiné=praine da gece hates s Hallowell, Me....... 2 OS i1G anaes espe 
Fine-grained gneiss............ Bedfords Newsy seo. OF0G33 IEA ieee 
Keeseville, N. Y....10.0884) f |...577 
Marble: 


Coarsely-crystalline; magnesian|Pleasantville, N. Y../0.1078/0.0310|...... 
Medium-grained; magnesian.../Tuckahoe, N. Y...../0.1701/0.0230|...... 
Fine-grained; nonmagnesian....| ? 0.2599/0.0207|...... 


Sandstone: 
Min esora ine dite: sete Belleville, N. Y.....|0.4765/0.1063)...... 
@oarser-erained=..5......... IP ADIs ORI42N eee. 
Badly-decomposed............ 2 4.8212/0.6874|...... 
HETESSE CUD TICK rec ae nly merce ewe Cea hy cee eee eae Ie 0.2486/0.0686)...... 


* About same as Jonesborough stone. 
+ Less than Jonesborough stone. 


The defect of the Brard test becomes apparent when the above 
tests, or any other long comparative series, are examined care- 
fully. The sulphate of soda method does give measurable 
results in short time. But its results are different from those of 
actual freezing tests not only in intensity but in kind. Chemical 
action is introduced which attacks the specimen in a way very 
different from that of frost, and the result is that the two tests 
are in no way comparable. Inasmuch as the only excuse for 
making the Brard test is the idea that its effects closely simulated 
those produced by frost, it is evident that it has failed in its 
mission, and that it requires no further consideration. It may 
be added that in these days of cold-storage warehouses it is not 
such a difficult matter to carry out actual freezing tests at any 
time of the year. 

Resistance to Acids. — Structural stone, particularly when 
employed in manufacturing cities, may be subjected to attack 
by various acids present in the atmosphere. Carbonic acid is 


* Trans. Amer. Soc. C. E., vol. 33, p. 2538. 
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always present in air, though normally only in small percentages, 
while nitric, hydrochloric, sulphuric, and sulphurous acids occur 
in certain regions. 

Though these acids are present in very small amounts, their 
effect on stone, when exerted through a long series of years, may 
be noticeably injurious, and accordingly various tests have been 
suggested to determine the amount of this effect on various kinds 
of stone. 

In testing the influence of carbon dioxide, Wilber * used samples 
weighing about 50 grams. These were dried at 212° F. and 
weighed; then placed on a perforated shelf under a large bell jar. 
“The bell jar was placed in a shallow pan, and enough water 
poured into the pan to make a water seal for the bell jar. Inlet 
and exit pipes were introduced into it and a stream of washed 
carbonic acid passed into the jar until all air was expelled. The 
openings were then closed and the contents allowed to stand 
three days at a temperature of about 70° F. Carbonic acid gas 
was again passed in, and this operation was repeated, at intervals 
during the fifty-two days of the continuance of the test. The 
samples were then removed and soaked for four days in distilled 
water, and were afterwards dried in an air bath, at a temperature 
of 212° F., to constant weight.”’ The percentage of weight lost 
during the operation was then calculated, with the results shown 
in Table 101. 

In the course of the New York series of tests already noted, 
Wilber also experimented { on the effects of dilute sulphuric acid. 
“Small cubes, three-fourths of an inch on a side, were used for 
this test. The samples were dried in a water bath at 212° F. 
to a constant weight. They were then placed upon a perforated 
support and immersed in dilute sulphuric acid. The acid solu- 
tion contained one per cent of sulphuric acid, H2,SO,, and the 
volume used at once was two gallons. After an immersion of 
forty hours the acid was drawn off and replaced by a fresh supply. 
This remained upon the samples for twenty-four hours, when it 
was run off and a third fresh portion added, which was allowed 
to remain eight hours. It was then drawn off and a gentle 
stream of clear water passed through the vessel for some time, 
until the samples were entirely cleansed from the effects of the 


* Bulletin 10, N. Y. State Museum, p. 357 (1890). 
1 Ibid, p. 358 (1890). 
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solvent action of the acid. They were then carefully removed 
to the water bath and dried at 212° F. to constant weight.” 

Wilber also experimented * on the effect of sulphurous acid gas. 
These experiments were carried out exactly like those in which 
carbon dioxide was used (see page 208), except that the tests 
lasted only thirty-one days. 


TABLE 101.—TESTS WITH ACIDS. (WizeEr.) 


Stone. Locality. CO. HS, | H.SO,. 
Granite Grindstone Is., St. Lawrence Co., N. Y. .| 0.006) 0.007) 0.13 
Keeseville, Essex Co., N. Y.............. 0.002) 0.017) 0.06 
Hallowell Mamerce ci ei oe eee 0.029) 0.024; 0.08 
so oe OPA Se areca alga estes 
Marble Tuckahoe, Westchester Co., N. Y.. 0.004) 0.250} 5.25 
Pleasantville, Westchester Co., N. Y.. 0.005) 0.150} 6.63 
Glens Falls, Warren Co., N. ERT es 0.007; 0.120} 2.56 
Gouverneur, St. Lawrence Co., N. Y.....| 0.017) 0.150} 2.63 
Limestone |Sandy Hill, Washington Co., N. Y.......) 0.012} 0.150) 2.51 
Plattsburg, Clinton Co., N. Nee ee 0.023) 0.190} 2.20 
Tribes Hill, Montgomery CommNe Yisea 0.028} 0.160) 3.03 
Canajoharie, Montgomery Co., ING Men so al) OKUIA OnG) 2G 
Rrospecy, Oneida ©ompNi veneer eee 0.017} 0.150) 2.97 
Chaumont, Jefferson Co., INFRYaorsenniee 0.008) 0.091} 2.95 
Cobleskill, Schoharie Co. IN Se aero 0.010) 0.130) 2.58 
Onondaga’ Reservation, ‘Onondaga Com 
SEN Gait Wea eea ene eit edee wiry ee RIN 2 ys 0.021) 0.201) 2.84 
Union Springs, Cayuga-Co., N. Y........ 0.011) 0.082) 3.77 
Auburn, Cayuga CoseNaVign ee eee 0.010} 0.140) 2.79 
Williamsville, Eric Co. ING: Veen 0.060} 0.250) 2.97 
Bowling Green, Gio Cao She iD neon 0.062)+0.160} 5.66 
Bedfordsalndaanna- oneness aes OKO Sai OF OLO mses 
CO, Sy H,.SO, 
Sandstone |Potsdam, St. Lawrence Co., N. Y........ 0.030) 0.004! 0.02 
Malden ms Ulster ComeNee yer ree 0.032} 0.003) 0.20 
Oxford, Chenango Co., ING eet Eee 0.021} 0.080) 0.20 
Duanesburgh, Schenectady Com Na yee COROT ON065 20268 
Oswego Falls, Oericee Co., N. Vierer en 0.011} 0.290} 0.74 
Albion, Orleans Co., Ne Veen ie kee 0.092} 0.012) 0.08 
Hulberton, Orleans Co., IN SEY eee a OO46 me OR O61 20x08 
ee OL08M 2OL078I0. 
Portace away oun: Cox, gNia Moar 0.008} 0.089} 0.42 
Warsaw, Wyoming CoN Yo ces uae 0.015} 0.250) 0.49 
Olean, Cattaraugus Co., Wine Wits avenge at 0.060) 0.040) 0.44 


* Bulletin 10, N. Y. State Museum, p. 358 (1890). 


210 BUILDING STONES AND CLAYS 


TABLE 101.—TESTS WITH ACIDS. (Witper.) (Continued.) 


Stone. Locality. CO,. Sy. H,SO,. 
Sandstone |East Longmeadow, Mass...........----- 0.046} 0.055) 0.12 
ue ae uf O2040|h eer | aeaee 

ci 0G i 0.081} 0.051) 0.17 

ee ue és OVOSGIReeeiee aioe 

ee ee se OQNO7G) 223 aes | eae 

es i Be OL060i eee eee 

os oe “s 0.074; 0.146) 0.11 

g ee oe 02053) SOL1G Eaeeer 

cs ee sf RO tet eels Sees S oc oo 
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Resistance to Fire. — The most complete series of tests of 
the fire resistance of building stones are those by McCourt, from 
whose report the following extracts are quoted: 


The samples from each locality were cut into three-inch cubes. 
Most investigators, who have studied the refractoriness of build- 
ing stones, have selected one or two-inch cubes; but these sizes 
do not give as accurate results as the larger ones, for the reason 
that a small piece becomes easily heated throughout the mass 
and consequently upon neither heating nor cooling are differen- 
tial stresses between the interior or exterior likely to be set up, 
as would be the case if larger cubes are selected. In actual 
fact in the burning of a building the stone does not become 
thoroughly heated; the heat penetrates probably but a slight 
distance into the mass, while the interior may remain compara- 
tively cold. The heating and cooling of this outer shell causes 
strains which do not obtain in a stone which has been heated 
throughout its entire body. One, two and three-inch cubes of 
the same kind of stone have been tested in the laboratory, and 
while the smaller cubes stood fire very well, the larger ones were 
more affected and in some cases went to pieces. It was to avoid 
this error and to approach more closely the existing conditions 
in a conflagration that the three-inch samples have been em- 
ployed in the present series of tests. 
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As far as the number of cubes would admit six tests were made 
on the stone from each locality, four furnace and two flame tests. 
For the first set of experiments a Seger gas furnace was used, 
thus allowing the cube to be gradually and evenly heated. An 
opening was cut in the cover of the furnace large enough to 
admit the three-inch cube of stone, to which a wire had been 
attached to facilitate its handling. 

One sample was heated at a time. The heat was applied 
gradually for half an hour until a temperature of 550° C. was 
reached, which was maintained for half an hour. The tem- 
perature was measured with a thermoelectric pyrometer. The 
cube was then taken out and allowed to cool in the air. A second 
sample was heated, as before, to 550° C., and this was suddenly 
cooled by a strong stream of water. The third and fourth cubes 
were heated to 850° C. kept at that temperature for half an hour 
and cooled slowly and suddenly as in the 550° C. tests. 

In order to approach more nearly the conflagration condi- 
tions samples were subjected to two flame tests. In the first 
case the cube was so placed as to be enveloped on three sides by 
a steady but not strong gas blast. The flame was allowed to 
play on the cube for 10 minutes, then the samples were allowed 
to cool for five minutes after which time the flame was again 
applied for. 10 minutes and the cube was again allowed to cool. 
To determine the combined action of heat and water a second 
cube was subjected, as before, to the flame for 10 minutes, then 
a strong stream of water was turned on to the sample, along 
with the flame, for five minutes. Then the water was turned 
off and the flame continued for another five minutes, after which, 
for five minutes more the flame and water together were allowed 
to act on the sample. 


From the details of the tests above given some generaliza- 
tions can be drawn which are of interest and of value. It is 
difficult, however, to group the different kinds of stone in any 
order, for they vary among themselves and also act differently 
under different conditions. A stone which under some condi- 
tions stands up very well, will disintegrate under other condi- 
tions. Thus, for example, the granite from Northville acted very 
badly on fast cooling after having been heated to 850°C., yet, 
under the combined action of the flame and water, it was little 
damaged. Additional variations of this character are brought 
out by a close study of the tables of fire tests, all of which goes 
to show that, for one temperature, the order of resistance will 
differ from the order given for another temperature. 

At 550° C. (1022° F.) most of the stones stood up very well. 
The temperature does not seem to have been high enough to 
cause much rupturing of the samples, either upon slow or fast 
cooling. The sandstones, limestones, marble, and gneiss were 
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slightly injured, while the granites seem to have suffered the 
least. 

The temperature of a severe conflagration would probably 
be higher than 550° C., but there would be buildings outside of 
the direct action of the fire which might not be subjected to this 
degree of heat and in this zone the stones would suffer little 
injury. The sandstones might crack somewhat, but, as the 
cracking seems to be almost entirely along the bed, the stability 
of the structure would not be endangered, provided the stone 
had been properly set. 

The gneiss would fail badly, especially if it were coarse- 
grained and much banded. The coarse-grained granites might 
suffer to some extent. These, though cracked to a less extent 
than the sandstones, would suffer more damage and possibly 
disintegrate if the heat were long continued because the irreg- 
ular cracks, intensified by the crushing and shearing forces on 
the stone incident to its position in the structure, would tend 
to break it down. The limestones and marble would be little 
injured. 

The temperature of 850° C. (1562° F.) represents fairly the 
probable degree of heat reached in a conflagration, though un- 
doubtedly it exceeds that in some cases. At this temperature 
we find that the stones behave somewhat differently than at the 
lower temperature. All the cubes tested were injured to some 
degree, but among themselves they vary widely in the extent 
of the damage. 

All the igneous stones and the gneiss at 850° C. suffered injury 
in varying degrees and in various ways. The coarse-grained gran- 
ites were damaged the most by cracking very irregularly around 
the individual mineral constituents. Naturally, such cracking of 
the stone in a building might cause the walls to crumble. The 
cracking is due, possibly, to the coarseness of texture, and the 
differences in coefficiency of expansion of the various mineral 
constituents. Some minerals expand more than others and the 
strains occasioned thereby will tend to rupture the stone more 
than if the mineral composition is simpler. This rupturing will 
be greater, too, if the rock be coarser in texture. For example, 
a granite containing much plagioclase would be more apt to 
break into pieces than one with little plagioclase for the reason 
that this mineral expands in one direction and contracts in 
another, and this would set up stresses of greater proportion 
than would be occasioned in a stone containing little of this 
mineral. The fine-grained samples showed a tendency to spall 
off at the corners. The gneiss was badly injured. In the gneisses 
the injury seems to be controlled by the same factors as in the 
granites, but there comes in here the added factor of banding. 
Those which are made up of many bands would be damaged 
more severely than those in which the banding is slight. 
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All the sandstones which were tested are fine grained and 
rather compact. All suffered some injury, though, in most 
cases, the cracking was along the lamination planes. In some 
cubes, however, transverse cracks were also developed. 

The variety of samples was not great enough to warrant 
any conclusive evidence toward a determination of the control- 
ling factors. It would seem, however, that the more compact 
and hard the stone is the better will it resist extreme heat. In 
a general way the greater the absorption, the greater the effect 
of the heat. A very porous sandstone will be reduced to sand 
and a stone in which the cement is largely limonite or clay will 
suffer more than one held together by silica or lime carbonate. 

The limestones, up to the point where calcination begins 
(600°-800° C.), were little injured, but above that point they 
failed badly, owing to the crumbling caused by the flaking of 
the quicklime. The purer the stone, the more will it crumble. 
The marble behaves similarly to the limestone, but, because of 
the coarseness of the texture, also cracks considerably. As has 
been mentioned before, both the limestones and marble on 
sudden cooling seem to flake off less than on slow cooling. 

The flame tests cannot be considered as indicative of the 
probable effect of a conflagration upon the general body of the 
stone in a building, but rather as an indication of the effect upon 
projecting cornices, lintels, pillars, carving, and all thin edges of 
stonework. All the stones were damaged to some extent. The 
granites from Keeseville and Northville stood up very well; the 
limestones were, as a whole, comparatively little injured, while 
the marble was badly damaged. The tendency seems to be for 
the stone to split off in shells around the point where the greatest 
heat strikes the stone. The temperature of the flame probably 
did not exceed 700° C., so it is safe to say that in a conflagration 
all carved stone and thin edges would suffer. However, outside 
of the intense heat, the limestones would act best, while the 
other stones would be affected in the order: sandstone, granite, 
gneiss, and marble. 

After having been heated to 850° C. most of the stones, as 
observed by Buckley,* emit a characteristic ring when struck 
with metal and when scratched emit a sound similar to that of 
a soft burned brick. It will be noted that in those stones in 
which iron is present in a ferrous condition the color was changed 
to a brownish tinge owing to the change of the iron to a ferric 
state. If the temperature does not exceed 550° C., all the stones 
will stand up very well, but at the temperature which is probable 
in a conflagration, in a general way, the finer-grained and more 
compact the stone and the simpler in mineralogic composition 
the better will it resist the effect of the extreme heat. The order, 


* Mo. Bureau Geol. and Mines, Ser. 2 (1904), 2:50. 


214 BUILDING STONES AND CLAYS 


then, of the refractoriness of the New York stones which were 
tested might be placed as sandstone, fine-grained granite, lime- 
stone, coarse-grained granite, gneiss, and marble. 


Iv. TESTS TO DETERMINE STRENGTH. 


Crushing Strength. — It has often been pointed out that no 
stone which an engineer is likely to use will ever fail by crushing, 
for even in such massive masonry structures as the Washington 
Monument and the Brooklyn Bridge piers the compression per 
square inch at the base is much below that which even a rela- 
tively weak building stone will bear. It is pointed out, more- 
over, that though a small test piece of a given limestone may 
fail by crushing at, say, 12,000 pounds per square inch, every 
natural exposure of the rock proves to us that in larger masses 
it is practically uncrushable. In spite of these facts, the test 
most commonly carried out, when quality of a stone is in question, 
is that for crushing strength. 

Even though this test be unnecessary, it could, if carried out 
uniformly, give us certain information of value, and be a means 
of comparing the strength of different stones. Unfortunately, 
however, there is at present little uniformity in the matter. The 
apparent ‘“‘ compressive strength per square inch,” as shown by 
any given stone in the testing machine, is known to vary with 
the shape of the test piece, its size, and the character of the 
bearing surfaces; but sufficient experiments have not been car- 
ried out to determine the laws of these variations. 

In the matter of size of test piece, Gillmore’s earlier experi- 
ments seemed to prove that a large cube gave higher compressive 
resistance per square inch than a small cube, and he constructed 
a formula showing the variation in compressive strength in 
relation to size of cube. This formula will frequently be found 
quoted in engineering and geological treatises, though within a 
year of its announcement Gillmore had determined, from the 
results of a longer series of experiments, that the so-called law 
did not hold true. 

Regarding the shape of test piece, it has been determined that 
a prism whose height is one and one-half times the width of its 
base will give far more accurate results than the cube. This 
determination has had little effect on testing practice, however, 
the cube being employed as heretofore. 
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TABLE 102.*— EFFECT OF BEARING MATERIALS ON 


STRENGTH OF SANDSTONE. (Brarz.) 


Average compressive 
strength, 


Name of stone. Plaster of Lead sheet, | to 


Paris 
2 pounds per 
pounds per - 
square inch. square inch. 


Loss of 


strength due 


lead, per 


6,339 | 3,942 
6,115 | 3,942 
10,382 | 4,637 
8.682 | 4,995 
13,408 | 6,361 


* Proc. Institution Civil Engineers, vol. 107, p. 344. 


TABLE 103.—EFFECT OF POSITION ON CRUSHING 


STRENGTH OF STONE. 


Kind of rock. 


Syenite 


Gneiss, dark color|Germantown, Pa...... 
7 “a 


Mica schist 


Roofing slate 


Sandstone 


Ult. Seale 
strength, lbs. : 
* . Ratio, 
Locality. Tested by pee MS pee: bed 
4 + edge 
Bed. | Edge. 
In. 

French Creek, Pa.....|R. L. Humphrey... 8 17,274 7,910 | 2.18 
ue Pe ee we “ 2 19,997 | 14,348 | 1.38 
Gneiss, light color|Chester, Pa........... a6 ss 8 9,505 6,426 | 1.48 
< ve ee . 2 6,097 5,446 1.12 
fs e 8 11,636 | 13,984 | 0.83 
oo vs 2 19,891 | 15,555 1.28 

Holmesburg, Pa....... Lathbury & Spack- 
MANE eke 5} 21,684 | 19,527 ja 
Conshohocken, Pa. ...|R. L. Humphrey... 8 10,417 CAB YA || ane} 
Ee ss ca iS 2 20,038 | 15,680 1.28 
Brownville, Me........ Mass. Inst. Tech.... 1 29,270 | 16,750 Las 
Curwensville, Pa...... R. L. Humphrey 8 7,513 4,463 1.68 
me Oe wD es 2 10,218 8/013) 1627 
Lumberville, Pa...... si se 8 14,841 8,637 1.72 
Langford, Ky......... Watertown Arsenal.. 2 15,135 | 12,341 1.23 
AlpromseNe eerie, uf ss 2 27,703 | 22,923 | 1.29 
Berlin Hts., Ohio..... Gillmore:... <5 2: 0c4< = 14,250 | 12,000 1.19 
Bowling Green, Ky...|}Watertown......... 5 6,998 6,387 1.10 


Limestone 


TABLE 104.— EFFECT OF METHOD OF 


DRESSING CUBES.* 


Modulus of 
Ru Compres- arte’ 
pture. ae Elasticity. 
Sawed specimens, average............... 2,338 12,675 4,889,480 
Tool-dressed specimens, average......... 1,477 7,857 2,679,475 
Ratio of strength, tool-dressed +sawed.. . 63% 62% 59% 


* 11th Ann. Rep. Indiana Dept. Geology, p. 39 (1881). 


216 BUILDING STONES AND CLAYS 


Transverse Strength. — Little attention is usually paid to 
testing the transverse strength of building stones, except in the 
case of stones intended for use as flagging, lintels, etc. This 
neglect is the more curious because building stone, in actual con- 
struction, often fails under transverse strain, as may be seen in 
the walls of many buildings. In theory, of course, a building 
should be so constructed as never to subject its wall material to 
anything but a direct compressive strain. In practice, however, 
the case is very different. Owing to bad masonry work, or more 
generally to the unequal settlement of foundations, transverse 
strains do frequently occur, and their effect is shown by vertical 
cracks in the poorer or weaker stones of the walls. 

In determining transverse strength the formula used is: 


in which formula 
R = modulus of rupture in pounds per square inch. 
W = concentrated load at center in pounds. 
L = length between supports, in inches. 
B = breadth in inches. 
D = depth in inches. 


Hardness. — The resistance of stone to mechanical wear is 
rarely of sufficient importance to justify testing, when the stone 
is used strictly as a building material. Flagging, steps, and sills 
are, however, subjected to considerable wear, and it is possible 
that some simple abrasion test might be of service. The only 
structural stone, however, that really fails, owing to ordinary 
mechanical wear, is serpentine, which is entirely too soft to be 
used in any unprotected situation. 
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PART I), CEAWS: 


CHAPTER XIII. 
CLAYS: GENERAL CLASSIFICATION. 


Definitions of Clay, Shale, and Slate.— The term clay is 
applied to fine-grained unconsolidated natural materials which 
possess the property of plasticity when wet, while they lose this 
property and harden on being strongly heated. Clays are readily 
molded in all desirable shapes when wet; and this property is one 
factor in the usual commercial definition of a clay: though the 
typical kaolins are not plastic. Since the clays are, as described 
below, the finer débris resulting from the decay of many different 
kinds of rocks, they will naturally differ greatly among themselves 
as regards composition, properties, etc., and these differences 
prevent the formulation of a more precise definition. 

Clays are rock material in an exceedingly fine state of subdi- 
vision, ultimately derived from the decay of older rocks, the 
finer particles resulting from this decay being carried off and 
deposited by streams along their channels, in lakes, or along 
parts of the sea coast or sea bottom as beds of clay. In chemical 
composition the clays are composed essentially of silica and 
alumina, though iron oxide is almost invariably present in more 
or less amount, while lime, magnesia, alkalies, and sulphur are 
of frequent occurrence, though usually only in small percentages. 

The materials known respectively as shales and slates are of 
practically the same composition and ultimate origin, but differ 
in their degree of consolidation. 

Shales are clays which have become hardened by pressure. 
The so-called “ fire clays” of the coal measures are shales, as 
are many of the other “ clays’ of commerce. The slates include 
those clayey rocks which through pressure have gained the 
property of splitting readily into thin parallel leaves. 

218 


CLAYS: GENERAL CLASSIFICATION 219 


Origin of Clays; General Statement. — When rocks of any 
kind are exposed to atmospheric action, more or less rapid disin- 
tegration sets in. This is due partly to chemical and partly to 
physical causes. It is hastened, for example, by the dissolving 
out of any soluble minerals that may occur in the rock, by the 
expansion and contraction due to freezing, and by the action of 
the organic acids set free by decaying vegetable matter. The 
more soluble ingredients of the rock are usually removed in 
solution by surface or percolating waters, while the more in- 
soluble portions are either left behind or are carried off mechani- 
cally by streams. These relatively insoluble materials, when 
sufficiently fine-grained, constitute the clays. When they are 
left as a deposit in the spot where the original rock disintegrated 
they are called residual clays, while if they have been removed 
from the site of the present rock they are termed transportation 
clays. If the materials are carried off mechanically by surface 
waters and finally deposited along river beds, in lakes, or in the 
sea they are termed transported or sedimentary clays. In a third 
class, of limited areal distribution but of considerable importance 
where they occur, are the glacial clays which owe their position 
to the great ice sheets which formerly covered most of the north- 
ern portion of the United States, the clays in question having 
been deposited under or in front of these glaciers. A class of 
still more limited extent and importance includes the eolian or 
wind-borne clays, the example usually quoted being the loéss 
clays, which are supposed by some geologists to have been 
transported and deposited by the winds. 

So far as origin is concerned, clay deposits are therefore due 
to the codperation of two sets of agencies — chemical and me- 
chanical. With regard to the residual clays, chemical agencies 
- have in some cases been the more important; but the transported 
or sedimentary clays are, in their present deposits, due almost 
entirely to purely mechanical causes. 

Classification Based on Origin. — The facts which have been 
briefly stated above naturally lead toward a classification of 
clays based on the methods of origin and of deposition. A satis- 
factory working classification of this type is presented below in 
outline form; after which each of the groups named in this outline 
will be separately discussed in more detail. 

A. Residual clays, resulting from the decay in place of 
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igneous rocks, of shales, or of clayey limestones. This group 
may be subdivided into three, according as the clay is derived. 


1. From the decay of igneous rocks. 
2. From the decay of shales or slates. 
3. From the decay of more or less clayey limestone. 


B. Transported clays, resulting from the transportation by 
water (or more rarely by ice or wind) of both the residual clays 
of Class A and of all sorts of finely-ground rock material, and 
the deposition of this material at favorable points more or less 
distant from its point of origin. The clays of this class may be 
subdivided according to their method of transportation, their 
point of deposition, or their present physical state. A sub- 
classification recognizing these three factors is as follows: 


1. Water-borne clays; transportation effected by water. 
(a) Marine clays, deposited in salt-water basins. 
1. Marine clays proper (i.e., soft clays). 
2. Shales. 
3. Slates. 
(b) Stream clays, deposited along the courses of 
streams or rivers. 
(c) Lake clays, deposited in lakes or ponds. 
2. Ice-borne or glacial clays; transportation effected by 
glacial ice. 
3. Wind-borne or eolian clays; transportation effected by 
the wind. 


CHAPTER XIV. 
RESIDUAL CLAYS. 


Origin of Residual Clays.— The residual clays owe their 
origin to the decay or disintegration of some rock mass under 
the action of natural agencies, and to the consequent accumu- 
lation of the more insoluble or resistant portions as a residual 
material on the surface of the parent rock. The natural agents 
which effect this decay and disintegration may be either chemical 
or mechanical — usually both sets of forces are at work. The 
manner in which the decay and disintegration of the rock are 
produced will depend on the character of the agent and on the 
character of the rock. The methods of action and the effects 
produced are so different, on different types of rock, that it 
seems advisable to discuss the subject under three special head- 
ings, each of which will cover the formation of an important class 
of clay deposits. By far the majority of residual clays are de- 
rived from the decay of igneous rocks, of shales, or of clayey 
limestones — for the sandstones rarely yield clay deposits of 
any kind. 

Residual from Decay of Igneous Rocks. — The igneous rocks 
usually contain a number of minerals, some of which are com- 
paratively unaffected by weathering, while others yield with 
considerable rapidity. A granitic rock may be taken for ex- 
ample, composed of quartz, feldspar, mica, and probably a little 
hornblende. When a rock of this character is exposed at the 
surface, its quartz would be practically unaffected by the ordinary 
weathering agents; its feldspar would decay with comparative 
rapidity, while its mica and hornblende would also alter, though 
less strikingly than the feldspar. Extremes of cold and heat 
would tend to disintegrate the rock physically, and so make its 
minerals more open to attack from percolating waters carrying 
dissolved acids. 

The decay of feldspars undoubtedly gives rise to certain clay 


deposits of interesting type, and though the importance of this 
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fact has been greatly exaggerated in clay literature, the subject 
is worth some consideration here. 

The feldspars are essentially silicates of alumina and potash, 
soda or lime. The composition of the different feldspar species 
is discussed in some detail on page 25, to which reference should 
be made for further data on the subject. In the present case it 
will be sufficient to take up the most familiar variety of feldspar 
— orthoclase — and to trace the changes which it undergoes 
during chemical decay. 

Orthoclase has the formula K,0, AloO3, 6 SiOz, corresponding 
in composition to silica 64.60 per cent, alumina 18.50 per cent, 
potash 16.90 per cent. When exposed to the action of waters 
carrying in solution carbonic, sulphuric, and organic acids, a 
chemical decomposition of the mineral takes place, resulting in 
the removal of the potash and most of the silica (and of any 
lime or iron that may be present), the formation of a hydrous 
aluminum silicate, and the segregation of the residual silica. 
The aluminum silicate thus formed may be any one of a long 
series — of which kaolinite and pholerite are probably the most 
prominent. The chemical relationship existing between the 
original feldspar and these two possible final products is shown 
in the following comparative table. 


TABLE 105.— COMPOSITION OF ORTHOCLASE, KAOLINITE, 
AND PHOLERITE. 


Orthoclase. Kaolinite. Pholerite. 
Silicay(1O>) meee 64.6 46.3 39.3 
Alumina (Al.03)..... 18.5 39.8 45.0 
Rotash (¢,0)F-.:..- TOES ple aces acccecenette es take lec ee 
Combinediwater antes eee eee 13.9 15.7 
Formula 3 om eS RRO US k.O, Al.Os, 6 SiO, Al,Os, 2 SiOz, 2 Al,Os3, 3 SiOz, 
+ H,0 +4H,0 
Specific gravity..... 2.57 25... DW a oem eee ee 


Pure kaolinite and pholerite are plastic, highly refractory, 
white-burning materials. As formed by the decay of granitic 
rocks, however, the products are impure, containing grains or 
masses of the relatively insoluble constituents of the granite, 
ie., quartz, mica, hornblende, etc. These impurities operate 
to reduce the plasticity and refractoriness of the product, and 
often to alter its color when burnt to yellow or even red. Of 
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course the less quartz and mica contained in the original rock 
the purer would be the product, and the ideal kaolinite (or 
pholerite) would therefore result from the decay of a vein of 
pure feldspar. 

All that has been said in the above paragraphs concerning the 
chemical decay of feldspar must be read with the understanding 
that this is only one phase of the weathering of an igneous rock, 
and that often it is not even an important phase. To ascribe all 
clay deposits, ultimately, to such an origin is simply to misunder- 
stand the very obvious facts of the case.* Purely mechanical 
disintegration always plays a large part in the weathering of 
such rocks, and at times it is the only important agent. Many 
residual materials will be found which show little sign of chemical 
alterations or changes, and differ from the unweathered rock 
only in the fact that they are now fine, unconsolidated products 
instead of the original mass of interlocking crystals. 


TABLE 106.— ANALYSES OF ACID IGNEOUS ROCKS AND 
RESIDUAL CLAYS. 


la. 1b. 2a. 2b. 
(ey uvery (Goh Oy es eter mest RANA 66.31 56.40 69.88 51.29 
Alumina Gen 1 Bs oe ne eRe 18.27 25.62 16.42 29.69 
Ferrous oxide (FeO) 
Ferric ex de (es i era ere ae : = se 6.33 
ime (CaO)..... opener TRL Wi ER : : : 0.07 
Magnesia (MgO)..........:....4. 1,22 0.98 0.36 0.14 
ene ies deri oe 
oda ON CR May pati hans cre P acme sye sitteeystreirs ; F 5 : 
@ombinedswateracas.4 4 ccc: 220 see 0.61 9.18 0.36 10.36 


la. Fresh granite 
1b. Residual clay 
2a. Fresh granite 
2b. Residual clay 


Camak, Georgia. Bull. 9, Georgia Geol. Sur., p. 321. 


Greenville, Georgia. Bull. 9, Georgia Geol. Sur., p. 315. 


The character of the residual clay resulting from the decay of 
an igneous rock depends partly on the composition of the original 
rock, and partly on the degree to which decomposition has pro- 


* Of recent American writers on the origin of clays, only one has treated 
this subject with thorough knowledge and a due sense of proportion; and 
the reader, desirous of making a more detailed study of this phase of the 
subject will, therefore, do well to consult G. P. Merrill’s ‘“ Rocks, Rock 
Weathering, and Soils.” 
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gressed. The effect of the second of these factors.is of course 
obvious, but the first requires some further consideration. 

The acid igneous rocks — such as the granites — are rela- 
tively high in silica, and low in iron oxide, lime, magnesia, and 
alkalies. The clays which result from the decomposition and 
disintegration of such rocks are apt, therefore, to be low in the 
last-named constituents. 

The basic igneous rocks — traps, gabbros, etc. — being origi- 
nally low in silica and relatively high in iron, lime, magnesia, and 
alkalies, give usually much more impure residual clays than do 
the acid rocks. Even when chemical action (solution) has been 
most thorough, much or all of the iron oxide is left behind in 
the clay; though the lime, magnesia, and alkalies of the original 
rock may appear in greatly lessened percentages in the residual 
material. Where mechanical disintegration has played much 
part in the process, however, then fluxing impurities remain in 
the residual product. 

Basic rocks do not occur at the earth’s surface in such great 
masses as the more acid types, nor are they so widely distributed. 
Because of these facts, clays derived from basic rocks are not 
of very common occurrence or of great importance to the clay 
industries. 


TABLE 107. — ANALYSES OF BASIC IGNEOUS ROCKS AND 
RESIDUAL CLAYS. 


la. 1b. 2a. 2b. 
Silican(SiO>) soree cre eee eee 46.75 42.44 38.85 38.82 
bam ma CAL Os). 3). eee ee 17.61 Psy al IPA He 22561 
lion Crate ke (UGHONN so s.dcacdeandosue 16.79 19.20 12.86 i8}.3333 
Dame (CAO) toe vin coo omg at 9.46 0.37 6.12 (118) 
Magnecian(Nic@)) paneer ae HI 0.21 22.58 OF D2 
I PXonarevst oy OSCKOM IS ee Oc A ye ee 0.55 0.49 0.19 0.18 
SOAR GN Ao). a. eee 2.56 0.56 0.11 0.20 
VUES este Ae Ne et Renate <8 0.92 10.92 6.52 9.21 


la. Fresh diorite Albermarle County, Va. G. P. Merrill, “ Rocks, Rock 
1b. Residual clay Weathering, and Soils,” p. 225. 

2a. Fresh pyroxenite) Albermarle County, Va. G. P. Merrill, “ Rocks, 
2b. Residual clay Rock Weathering, and Soils,” p. 226. 


Residual from Decay of Shales or Slates. — Since shales and 
slates are formed simply by the consolidation of clay beds, it is 
obvious that simple mechanical disintegration of a bed of shale 
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will cause it to again become a bed of clay. So that wherever 
shale beds are exposed to weathering we find that along the out- 
crop the shales have broken down and become soft and plastic. 
Often the change has gone further than simple disintegration, 
for during the physical decay of the shale percolating waters may 
have removed some of its more soluble constituents. 


TABLE 108.— ANALYSES OF CLAYS RESIDUAL FROM SHALE. 


1 2 3. 4 5 
Srilicaa(SiOs) Maen tates elem ike 71.91 |73.30 |84.05 |72.16 |47.00 
AN vias (GN O RS eae ape eioc ae gene Sone 16.24 |14.49 | 9.44 |21.76 |38.75 
Trontoxiden(HesO3)i...5 seas. eke eke os 1.79 | 1.26 | 0.28 | 0.99 | 0.95 
mimes (@aO)peeeee yee se ees Pee Me wae 0.18 | 0.19 | 0.23 | 0.22 | 0.70 
Miaonestan(Nic@) hese ee ane aes eae 0°88: 2214) 1538550. 70) |= tr: 
Allicaliess (i> Os INia, Oita a eee eee Seo lanol lez Gon oelae entrs 
Canvontdioxides(C Os) Ferm eis heer eel en R te alee else | Ueno 
Combineduwaterarsaince te eae cre 4.39 | 3.57 | 2.18 | 4.76 |12.94 


1. Hot Springs, Ark. Average of four analyses by Geo. Steiger. Bull. 
285, U.S. Geol. Sur., p. 409. 

2. Mountain Valley, Ark. Average of two analyses by Geo. Steiger. 
Bull. 285, U. S. Geol. Sur., p. 409. 

3. Upper Mill, Pa. Hopkins, Clays of Pennsylvania, pt. 3, p. 10. 

4. Fogelsville, Pa. Hopkins, Clays of Pennsylvania, pt. 3, p. 10. 

5. Valley Head, Ala. 

Clays formed by the decay of beds of shale or slate are apt 
to contain little foreign matter except, perhaps, an occasional 
fragment of unweathered shale. Of course these fragments are 
rare near the surface but become more common in the deeper 
parts of the clay deposit, as the unweathered portion of the rock 
is approached. Even where frequent, however, they do not in- 
jure the value of the deposit, for the unweathered fragments of 
shale are of practically the same compo- 
sition as the bed of residual clay which 
is derived from the weathering of the 
shale. 

The form taken by such deposits of 
clay (i.e. residual from shales or slates), 
depends largely on the attitude of the 
original shale bed and on the topography 
of the district. If the shale bed was 
highly inclined to the horizon and outcropped along a hillside 
(as in Fig. 24), percolating water and atmospheric agencies might 


Fig. 24.— Inclined shale bed 
weathered to clay. 
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readily disintegrate the shale for some distance down from the 
outcrop. The resulting clay deposit would still be in the form 
of a bed, with a dip corresponding 
to that of the original shale bed. 

In one particular case, however, 
a very marked change in atti- 
tude may be brought about by 
the weathering of the rocks; and 
this special case is of much im- 
portance since it has given rise 
to many valuable clay deposits 
in southeastern Pennsylvania, in 
Alabama, and elsewhere. The case in question is when the 
shale was originally interbedded with limestone, both series of 
rocks dipping at an angle of 


Fig. 25.—Interbedded shales and 
limestone. 


15 degrees to 50 degrees. The > oly wap a 
effect of weathering on such See 
Se 
an outcrop is twofold, for while res LEG, zz, 
the shale weathers into clay, Ne Hee 


most of the limestone is dis- 
solved, so that the soft clay 
beds gradually sink down to 
form a thick and irregularly-shaped deposit. This deposit con- 
tains not only the softened shale, but also any insoluble material 
that was contained in the original limestone. When such a clay 
deposit is examined, therefore, masses of fairly pure shale clay 
will be found inclosing layers of less pure and limestone residual, 
often containing fragments or nodules of chert or flint. 

If the shale bed had been horizontal or nearly so, and were 
now exposed along a valley bottom, the clay deposit would 
probably be more irregular in thickness, as indicated in Fig. 27. 


Fig. 26. — Effect of weathering on shale- 
limestone strata. 


Fig. 27. — Horizontal beds of shale-clay. 


For in this case the depth of disintegration of the shale would 
depend more on accidental features, such as the existence of 
joint planes, thinness of soil cover, etc. 
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An interesting and somewhat exceptional case of the formation 
of a high-grade residual clay from sandstone has recently been 
noted by Loughlin.* The occurrence is at West Cornwall, 
Litchfield County, Connecticut, where a highly feldspathic sand- 
stone has decayed in place. The resulting product is a mixture 
of quartz grains and a very pure residual clay or ‘‘ kaolin.” Of 
course the material requires washing, in order to free the clay 
from the sand. An analysis of the washed product gave the 
following results: 


livery SHON) Sexes ithe an oO oe ae See 47.50 
Amit an (Al Os) seed asi eyes tases care clatnes 37.40 
inon@xidey(HesOz) pease sac eo oe tee reaer: 0.80 
ame i(CaO)) ere eu scat eee see eters coe ays ele tr 

Monesian( Mic @) exons sea cirtocutacror tne cae bee it?s 0.00 
Alka tress KO MINasO) byerus ee eernnite ier in oes 1.10 
Wiailein Sacaa nics icy tor eee ane Coke arcs mA ge 12.48 


Residual from Decay of Limestones. — The formation of resid- 
ual clays from limestones is a process of peculiar interest, not 
only because it has given rise to many large clay deposits, but 
because certain factors enter into the question which are absent 
from the decay of igneous rocks and shales. 

Limestones are composed ¢ essentially of lime carbonate, or of 
_a mixture of lime and magnesium carbonates. Some contain 
little else than these carbonates, but by far the majority of lime- 
stones carry appreciable percentages of clayey matter (silica, 
alumina, and iron) and often other impurities (sulphur, alkalies, 
etc.). Most of these impurities — and particularly the clayey 
materials — are very insoluble, as compared to lime and mag- 
nesium carbonates. The latter are readily attacked by water 
carrying dissolved carbon dioxide. When a bed of limestone is 
permeated by waters so charged, the carbonates of lime and 
magnesia are carried off in solution, while any clayey matter 
which may have been contained in the limestone is left behind. 
Long exposure to such action will result in the removal of a vast 
amount of limestone, and in the accumulation of a great thick- 
ness of residual material (clay, chert, etc.), as a mantle over the 
remnant of the limestone, even when the original limestone 


* Clays and Clay Industries of Connecticut, pp. 15, 30, 31, etc. 
{ For a more detailed discussion of the composition of limestones, reference 
should be made to pages 152-155. 
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contained very small amounts (1 to 3 per cent) of such clayey 
matter. ‘ 

An example may make the case clearer. Suppose that a 
horizontal bed of limestone 100 feet thick, whose composition is 


Per cent. 
Silica cic tee tes tls ye. ee tin, ar ere ere eee 4 
ALUTMIN a astra ces ee Se Sears che sae ee tes L 
TTONGOXL GE eth ee Se RL Ee Pee eee 1 
Mimecarbonate sence sco Hee oe eee ae ema 95 


(this would really be a limestone above the average in purity), 
were attacked by percolating water, charged with carbon dioxide, 


Original surface 


Thickness of 
Limestone 
Removed by 
Solution. 


Residual Clay 
Limestone 


Fig. 28. — Formation of residual clay from limestone. 


the lime carbonate would be removed in solution, while the insol-: 
uble matter would be left behind. In place of the original 100- 
foot bed of limestone, there would remain a 5-foot bed of clay 
of approximately the composition, silica 50 per cent, alumina 30 
per cent, iron oxide 20 per cent. Now in many cases the con- 
ditions have been even more favorable to clay formation than in 
the case supposed, for the original limestones have been both 
thicker and more impure. 


Residual Clay 


Fig. 29. — Residual clays from chalk. 


The effect of such weathering on an inclined series of chalky 
limestones is shown in Fig. 27. 
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Another excellent example of a deposit of clay residual from 
limestone is illustrated in Fig. 28. This shows a section across 
such a deposit at Bertha, Va. The blocked area in the section 
is limestone, containing only a very small percentage of clayey 
matter. By its solution, however, a very great thickness of 
residual clay is accumulated, and this caps the remaining lime- 
stone as shown in the figure. A point of particular interest is 


Ground Surface 


Fig. 30.— Residual clays from limestone. 


the very irregular form of the base or floor of the clay deposit. 
It will be seen that the limestone has been dissolved so irregu- 
larly as to leave pillars and bosses projecting upward into the 
clay. Such a deposit must of necessity be drilled very carefully 
in order to determine the available tonnage. Another point 
brought out by the figures is the sharpness of the transition from 
clay to unaltered limestone. The whole process is one of solu- 
tion, so that clays residual from limestone do not show the 
gradual change downward into the parent rock which is charac- 
teristic of clays residual from igneous rocks or from shale. 

Clays derived from the decay of limestones are commonly 
very fine-grained, and consequently very fat or plastic. The 
clay itself is apt to be rather low in silica; but the clay deposit 
frequently contains nodules of chert or flint, or masses (large or: 
small) of iron pyrite or brown iron ore. These materials are as 
insoluble as the clay, and like it are left behind when the lime- 
stone is dissolved. On the other hand, the limestone clays do 
not ordinarily contain sand, gravel, or pebbles. 

A typical series of such clays is presented below in Table 109, 
which may be profitably compared with the analyses already 
given in Table 108. 
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TABLE 109. — ANALYSES OF CLAYS RESIDUAL FROM 


LIMESTONE. 

1. 2. 3a 3b. 
Siltca(SiO 5) eee te eyeeeee ey ate ey et ae ae 55.42 |43.37 | 0.42 |48.96 
Alumina (Al,O3)........ toe VEU AE Pop eran PPa We ADO || O22 PO 27 
Tron; Oxidex(Hes@s) emery ee eee er creeteien 8.30 15.16 | 0.19 |10.53 
Time (CAO) ewe Se a ey ee oe eae 0.15 | 0.68 |29.77 | 0.24 
Maonesiay(Mio@) Aichi ee eet eee 1.45 | 0.03 |20.69 | 1.02 
Allkaliess (Ke OvsNias Ol) rem orice eororn cme 2.49 | 3.70 | 0.80 | n.d. 
@Carbonrdioxide (COs) ey sete sents 5 Oe teen alee tel eer 44.43 | n.d. 
WATT Meeete ert Serene ren me told ay ole 9.86 |12.98 | 3.41 | 9.47 


1. Morrisville, Calhoun County, Ala. ! Bull, 62) Urs, Geol sarsepean 


2. Lexington, Va. 


gales tone } Austinville, Va.; Bull. No. 1, Va. Geol. Sur., p. 98. 


3b. Residual clay 


CHAPTER XV. 
TRANSPORTED CLAYS. 


Origin of Transported Clays. — The transported clays differ 
from the residual clays principally in having been moved from 
the locality at which they were formed, so that their point of 
deposit may be far from their point of origin. This transpor- 
tation may have been effected through the agency of running 
water, of glacial ice, or of the wind. The first of these agents, 
however, is by far the most common transporting power; ice 
has moved very few clays, while the effect of wind is in reality 
@ very open question. 


WATER-BORNE OR SEDIMENTARY CLAYS. 


According to their point of deposition the sedimentary clays 
are subdivided into stream, lake, and marine. 

Marine Clays. — The material carried by streams and rivers 
to the ocean is spread out finally in estuaries, in marshes along the 
coast line, or as a mantle over the ocean depths. In all these 
cases the finer material is, of course, carried the farthest, and is 
deposited only at points where the force of the transporting 
current is checked. 

No very sharp line can be drawn between certain classes of 
marine and stream clays, for clays deposited in the delta of a 
river, in a broad, shallow estuary or bay, or in marshes along 
the coast could with much reason be considered fresh-water 
rather than marine, though in the present volume they are for 
convenience included with the true marine clays. 

Marine Clays Proper. — Most of the marine clays which are 
forming at the present day are, of course, unavailable for com- 
mercial uses, for they are mostly covered by the waters of the 
ocean. But marine clays formed during earlier geologic periods 
are of great importance, for earth movements have often elevated 
the ocean basins or ocean shores so that many marine sediments 


are now exposed at the earth’s surface. Owing to long-continued 
231 
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exposure to heat and pressure of the clays so elevated, the older 
ones have generally become hardened so that they now appear 
in the form of shales or slates, rather than as ordinary soft plastic 
clays. The more recently elevated marine clays, however, still 
retain their softness and plasticity, as is notable in the clay de- 
posits of the coastal plain. 


TABLE 110. — ANALYSES OF MARINE CLAYS. 


1 2. 3 
Silican (SiO) seer a hte corte nee ta eee 62.80 62.33 61.59 
lure: CASO te ben amen roboseuon soe 18.28 18.49 19.10 
Trontoxade: (Hes Og nHeO)) seen: ssa eee 6.40 6.91 7.53 
Timer @aO acre ees ae Ct eer ee 0.88 1.00 1.68 
Mao nest an (NEGO) crm ner. Reet wie ere cnt estar 1.58 1.53 1.87 
Rota ne (sO) ieerers ene er nyse. meer amare eee 3.05 2.41 n.d. 
Soca CNias O))teerteecn a, Scere ie act pe eee 1.48 2.38 n.d. 
CWombinediwatermy mae ee 4.39 3.81 5 51 
INOS NUR te Sa ene meta cian Linaete nine eee ote miele tes ilealat t ‘ 


* Including small percentages of titanic oxide (TiO,). 


1. Thomaston, Me. 

2. Hayden’s Pt., South by T. Schaller, analyst. 
Thomaston, Me. 

8. Rockland, Me. 


Shales. — It has been noted previously that shales are simply 
clays which have been hardened by pressure. This statement, 
while approximately correct, requires some restriction for our 
present purposes. For shales have been derived almost entirely 
from extensive deposits of clays of marine origin — deposited 
along seacoasts or in large basins — and such marine deposits 
will naturally differ considerably from glacial, stream, or lake 
clays. The marine clays have, in general, been transported 
further than the other types of clay, and have been more effec- 
tively sorted while in transit. For this reason the shales derived 
from them rarely show the same irregularities in physical com- 
position that some modern clays exhibit. Shales, for example, 
are rarely so full of coarse sand, gravel, limestone fragments, etc., 
as are the glacial clays of the northern states. Sandy shales 
and limy shales do occur, it is true, but even in this case such 
impurities are usually more regularly distributed throughout 
the mass of the rock than is the case with the impurities of the 
glacial clays. 
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The limy shales are almost exclusively shales which occur 
interbedded, in comparatively thin layers, with limestones. 
Occasionally a limy shale will owe its content of lime almost 
entirely to the fossil shell it contains, the remainder of the shale 
being practically free from carbonates. For both of the above 
reasons limy shales are apt to be a source of trouble in the 
practical working of a plant and require considerable care in 
quarry management to insure that the raw materials are any- 
where near uniform in composition from day to day. 

Slates. — Slates* are clays or shales which have been so hard- 
ened and otherwise affected by pressure as to have taken on a 
regular parallel cleavage, being thus capable of being readily 
split into thin tough plates. The origin, composition, and dis- 
tribution of slates have been discussed in detail elsewhere in 
this volume (Chapter VII). Their interest in the present con- 
nection is due to the fact that large quantities of waste slate are 
produced in the operations of quarrying and dressing roofing or 
mill slate, and that much of this waste could be utilized in the 
manufacture of clay products. 

Stream Clays. — A stream carrying sediments will deposit a 
portion of its load at points where its current is checked. This 
is likely to occur in the broader and shallower reaches of its 
course, and is particularly frequent when floods have caused the 
stream to overflow its banks. 

In this last case the sediment 
is deposited, levee fashion, par- 
allel to the course of the stream. 

In dealing with the clays de- 
posited along the larger streams, 
it will frequently be found that Fig. 31. — Clay terraces. 
they occur in the form of district 
terraces, or flat-topped benches, and that often there will be 
several pairs of such terraces, each at a different elevation. Any 
one of several causes may have produced this arrangement, but 
the frequency of the arrangement itself is worth bearing in mind. 


* It may here be noted that geologists restrict the term slate to clay rocks 
in which the cleavage has been developed at some angle to the original bedding 
planes. In common use, however, any shale which breaks into flat and fairly 
even plates is called a slate, regardless of the direction of the faces of these 
plates. 
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A very typical set of terrace-clay deposits is shown in Fig. 32, 
reprinted from the paper by Jones later cited (page 252). The 
deposits shown in this figure are those occurring along the Hudson 
River at many points on both of its banks, though in the figure 
only a few deposits on the east bank are presented. 


TABLE 111.— ANALYSES OF STREAM CLAYS. 


a : Tron oxides : Mag- Carbon Com- 

Sil Al L : Potash | Sod: Keates . 

(iO). | TALO.. FB» | (Gad). | Reis, |(K,0).. | (NazOy| dioxide bined 
I) GPAs |) 972.255 7.69 | 1.48 | 3.20 | 4.28 | 2.22 4.91 
2500839" 27:06 AOU 122884 | 4e40N es 5.24 
SEaODne (alec noe 6.89 | 2.21 | 2.80 | 3.43 | 2.82 5.06 
Ameo Ome alinGo eee WN re Ces Oa | seek i ick | meal, imc 
5 | 50.60 | 21.00 (Ee || Bact || MMe {| towel, Wine || tal ical. 
6 | 59.81 22.00 4,35 | 2.29 | n nels |] a2) 7.89 
1. South Windsor, Conn. ; 
Bi Weer Hartiond Conn: ; Pe Te eae analyst; Bull. 4, Conn. Geol. 
3. Newfield, Conn. Mares 
4. Coeyman’s Landing, N. Y. p. 705. 
5. Catskill, N. Y. oun 35, N. Y. State Museum. p 702. 
6. Barrytown, N. Y. p. 702. 


Lake Clays. — Streams flowing into lakes or ponds tend to 
deposit their sediment at the point where their flow is checked. 
In small lakes, therefore, the heavier sediments are commonly 
deposited where the stream enters the lake, while the drier clayey 
deposits occur a little further off shore. 

In lakes large enough to be seriously affected by wind and 
current action, the distribution and character of the clay deposits 
are closely similar to those of marine clays. 

Ice-borne or Glacial Clays. — The finer material transported 
by glacial ice, and deposited along or near the margin of the gla- 
cier, often forms clay deposits of commercial importance. Owing 
to the purely mechanical origin of clays of this type, they com- 
monly contain fragments of limestone, sand, pebbles, etc., which 
limit their use to the manufacture of low-grade products. 

Wind-borne or Eolian Clays. — Many geologists consider that 
the vast deposits of loess which border the Mississippi and other 


great rivers are of eolian origin, the material having been trans- 
ported by the wind. 
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Fig. 32.— Clay terraces along Hudson River. 
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The loess clays from various points along the Mississippi are 
strikingly uniform in composition, the range of the principal 
elements being slight. The following series of analyses illustrate 
this point. 


TABLE 112. ANALYSES OF LOESS CLAYS. 


iL 2. 3. 4. 5. 6. 

Silicamsi On) meer eet te ae ete 72.00 |71.11 |74.39 |73.80 /73.92 |67.92 
PANT ummm cin Alls @)3)) ee ot ees eee 11.97 |11.62 |12.03 |13.19 |11.65 [11.76 
ijronsoxide:(He:O2) hace nace saecee 3.51 | 3.90 | 4.06 | 3.43 | 4.74 | 6.72 
imen(Cai@) weeewcer era coeur 1.80 | 2.37 |, 1250) | 0.86) 1243") 1368 
IMagenesian (Wic@))ea vein seer 1.35) | 1.47 | 1.53 | 0.68) | 0.60 | 1218 
Alkalies (KO NacO)/e.. «222 se. 3.20) von l4 | SnOL P2094 Salaried 
@ombinediwatern ss. 2e se ec 6.42 | 6.71 | 3.17 | 5.26 | 3.08 | 5.36 
Specihicgeravityense- 4. 0-eecs PRT || 420. |) POY || PA ee |) WO Meso oe « 

1. Kansas City. 4. Hannibal. 

2. Boonville. 5. St. Louis. 

3. Jefferson City. 6. Gladbrook, Iowa. 
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CHAPTER XVI. 
DISTRIBUTION OF CLAYS. 


Geographic Distribution of Clays. —In a volume of this size 
little of value can be said concerning the local distribution of 
clays, but a few general statements will be made which may 
serve as a guide to exploration or to further study of the matter. 
Certain large areas can at least be roughly defined, within each 
of which areas a certain class of clay predominates. If the 
reader desires details regarding the distribution of clays in any 
particular state, or smaller area, reference should of course be 
made to the reports listed on pages 240-243. 

The glaciated area lies to the north of the line which marks 
the extreme southern limit attained by the great ice sheets. 
North of this line the bedrock was swept clear of all its over- 
lying débris by the glaciers, and except in a few instances no 
large amount of postglacial decay has occurred. Residual clays 
are therefore practically lacking in the glaciated area. 

The coastal plain is the term applied by geologists and physiog- 
raphers to the great belt of lowland that, from New York City 
southward, borders the Atlantic and Gulf coasts. Its eastern 
and southern limits are, of course, the shores of the Atlantic 
and the Gulf of Mexico. Its western and northern limits may 
be located closely by tracing a line from New York City through 
Trenton, Philadelphia, Baltimore, and Washington. 

The clays of the coastal plain are mostly of marine origin, 
having been deposited at a time when the coast line was just 
inland of their present location. They are therefore more widely 
distributed than glacial or stream clays and their general char- 
acter and location can usually be predicted, with some certainty, 
in advance of actual exploration. 

The coastal plain clays are usually quite siliceous, and low in 
lime, magnesia, and alkalies. They furnish pottery, stoneware, 


and firebrick clays, the pottery clays of New Jersey and the 
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stoneware clays of northern Mississippi and western Tennessee 
and Kentucky being worthy of special note. 

In the elevated Piedmont and Appalachian regions which lie 
inland of the Coastal Plain, the decay of igneous and meta- 
morphic rocks has given rise to bodies of residual clays. These 
differ in size and grade according to the rocks from which they 
are derived. 

The region northwest of the Blue Ridge (and its northern and 
southern continuations) is covered by old sedimentary rocks — 
sandstones, limestones, and shales. Here again a distinction is 
to be made between the regions north and south of the glacial 
border. 

In the great Appalachian Valley which parallels the western 
flank of the Blue Ridge or Appalachian range, deep weathering 
of limestone and shale beds has given rise to heavy deposits of 
residual clay, particularly south of the glacial limit. 

The plateau west of the Great Valley yields chiefly shales, 
varying widely in their character and commercial value. 

List of References on the Distribution of Clays and Shales. — 
The literature of clays is so extensive that the descriptive papers 
in the following list have been arranged by States in alphabetical 
order. 


General United States: 
Ries, H. The clays of the United States east of the Mississippi River. 
Professional Paper No. 11, U. 8. Geol. Sur., 289 pp. 1908. 
Alabama: 
Ries, H., and Smith, E. Preliminary report on the clays of Alabama. 
Bull. 6, Ala. Geol. Sur., 220 pp. 1900. 
Arkansas: 
Branner, J. C. The cement materials of southwest Arkansas. Trans. 
Am. Inst. Min. Engrs., vol. 27, pp. 42-63. 
Branner, J. C. The clays of Arkansas. Bull. No. —, U. 8. Geol. Sur. 
(In press.) 
California: 
Johnson, W. D. Clays of California. 9th Ann. Rep. Cal. State Min., 
pp. 287-308. 1890. 
Ries, H. The clay-working industry of the Pacific Coast States. Mines 
and Minerals, vol. 20, pp. 487-488. 1900. 
Colorado: 
Lakes, A. Gypsum and clay in Colorado. Mines and Minerals, vol. 20. 
December, 1899. 
Ries, H. The clays and clay-working industry of Colorado. ‘Trans. 
Am. Inst. Min. Engrs., vol. 27, pp. 336-340. 1898. 
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Florida: 
Memminger, C. J. Florida kaolin deposits. Eng. and Min. Jour., vol. 
57, 436 pp. 1894. 
Vaughan, T. W. Fuller’s earth deposits of Florida and Georgia. Bull. 
213, U.S. Geol. Sur., pp. 392-399. 1903. 
Georgia: 
Ladd, G. E. Preliminary report on a part of the clays of Georgia. Bull. 
6A, Ga. Geol. Sur., 204 pp. 1898. 
Vaughan, T. W. Fuller’s earth deposits of Florida and Georgia. Bull. 
213, U.S. Geol. Sur., pp. 392-399. 


Indiana: 
Blatchley, W. 8. A preliminary report on the clays and clay industries 
of the coal-bearing counties of Indiana. 20th Ann. Rep. Ind. Dept. 
Geol. and Nat. Res., pp. 24-187. 1896. 
Blatchley, W. S. Clays and clay industries of northwestern Indiana. 
22d Ann. Rep. Ind. Dept. Geol. and Nat. Res., pp. 105-153. 1898. 


Towa: 
Beyer, 8. W., and others. Clays and clay industries of Iowa. Vol. 14, 
Rep. Iowa Geol. Sur., pp. 27-648. 1904. 
Kansas: 
Prosser, C. S. Clay deposits of Kansas. Min. Res. U. S. for 1892, 
pp. 731-733. 1894. 
Kentucky: 
Crump, H. M. The clays and building stones of Kentucky. Eng. and 
Min. Jour., vol. 66, pp. 190, 191. 1898. 
Loutsiana: 
Clendennin, W. W. Clays of Louisiana. Eng. and Min. Jour., vol. 66, 
pp. 456, 457. 1898. 
Ries, H. Report on Louisiana clay samples. Rep. La. Geol. Sur. for 
1899, pp. 263, 275. 1900. 
Maryland: 
Ries, H. Report on the clays of Maryland. Rep. Md. Geol. Sur., vol. 4, 
pt. 3, pp. 203-507, 1902. 
Massachusetts: 
Whittle, C. L. The clays and clay industries of Massachusetts. Eng. 
and Min. Jour., vol. 66, pp. 245, 246, 1898. 
Michigan: 
Ries, H. Clays and shales of Michigan. Rep. Mich. Geol. Sur., vol. 8, 
pt. 1,67 pp. 1900. 
Minnesota: 
Berkey, C. P. Origin and distribution of Minnesota clays. Am. Geol., 
vol. 29, pp. 171-177. 1902. 
Mississippi: 
Crider, A. F. Clays of Mississippi. Bull. 1, Miss. Geol. Surv. 
Eckel, E. C. Stoneware and brick clays of western Tennessee and north- 
western Mississippi. Bull. 213, U.S. Geol. Sur., pp. 382-391. 1903. 
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Missouri: 
Wheeler, H. A. Clay deposits of Missouri. Rep. Mo. Geol. Sur., vol. 2, 
622 pp. 1896. 
Montana: 
Rowe, J. P. The Montana clay industry. Brick, vol. 24, pp. 1-3. 
Jan., 1906. 
Nebraska: 


Gould, C. N., and Fisher, C. A. The Dakota and Carboniferous clays 
of Nebraska. Ann. Rep. for 1900, Neb. Bd. of Agric., pp. 185-194. 
1901. 
New Jersey: 
Cook, G. H., and Smock, J. C. Report on the clay deposits of New 
Jersey. N. J. Geol. Sur., 381 pp. 1878. 
Ries, H., Kimmel, B., and Knapp, G. N. The clays and clay industries 
of New Jersey. Final Rep. State Geol., N. J., 8vo., vol. 6, 548 pp. 
1904. 
New York: 
Jones, C. C. A geologic and economic survey of the clay deposits of 
the lower Hudson River Valley. Trans. Am. Inst. Min. Engrs., 
vol. 29, pp. 40-83. 1900. 
Ries, H. Clays of New York. Bull. 35, N. Y. State Museum, 455 pp. 
1900. 
North Carolina: 
Holmes, J. A. Notes on the kaolin and clay deposits of North Carolina. 
Trans. Am. Inst. Min. Engrs., vol. 25, pp. 929-936. 1896. 
Ries, H. Clay deposits and clay industry in North Carolina. Bull. 18, 
N. C. Geol. Sur., 157 pp. 1897. 
North Dakota: 
Babcock, E. J. Clays of economic value in North Dakota. ist Rep. 
N. D. Geol. Sur., pp. 27-55. 1901. 
Ohio: 
Orton, E. The clays of Ohio and the industries established upon them. 
Rep. Ohio Geol. Sur., vol. 5, pp. 643-721. 1884. 
Orton, E. The clays of Ohio: their origin, composition, and varieties. 
Rep. Ohio Geol. Sur., vol. 7, pp. 45-68. 1893. 
Oregon: 
Ries, H. The clay-working industries of the Pacific Coast states. Mines 
and Minerals, vol. 20, pp. 487-488. 1900. 
Pennsylvania: 
Hopkins, T. C. Clays of western Pennsylvania. Appendix to Ann. 
Rep. Pa. State Coll. for 1897-98, 184 pp. 1898. 
Hopkins, T. C. Clays of southeastern Pennsylvania. Appendix to 
Ann. Rep. Pa. State Coll. for 1898-99, 76 pp. 1899. 
Hopkins, T. C. Clays of the Great Valley and South Mountain areas. 
Appendix to Ann. Rep. Pa. State Coll. for 1899-1900, 45 pp. 1900. 
Woolsey, L. H. Clays of the Ohio Valley in Pennsylvania. Bull. 225, 
U.S. Geol. Sur., pp. 463-480. 1904. 
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South Carolina: 
Sloan, E. A preliminary report on the clays of South Carolina. Bull. 1, 
S.C. Geol. Sur., 171 pp. 1904. 
South Dakota: 
Todd, J. E. The clay and stone resources of South Dakota. Eng. and 
Min. Jour., vol. 66, pp. 371. 1898. 
Tennessee: 
Eckel, E. C. Stoneware and brick clays of western Tennessee and 
northwestern Mississippi. Bull. 218, U.S. Geol. Sur., pp. 382-391. 
1903. 
Texas: 
Kennedy, W. Texas clays and their origin. Science, vol. 22, pp. 297- 
300. 1893. 
Washington: 
Landes, H. Clays of Washington. Rep. Washington Geol. Sur., vol. 1, 
pt. 2, pp. 138-23. 1902. 
Wisconsin: 
Buckley, E. R. The clays and clay industries of Wisconsin. Bull. 7, 
Wis. Geol. Sur., 304 pp. 1901. 
Irving, R. Kaolin in Wisconsin. Trans. Wis. Acad. Sci., vol. 3, pp. 3- 
30. 1876. 
Wyoming: 
Knight, W. C. The building stones and clays of Wyoming. Eng. and 
Min. Jour., vol. 66, pp. 546, 547. 1898. 


CHAPTER XVII. 
FIELD EXAMINATION OF CLAY DEPOSITS. 


TuE data obtained in the course of a field examination should 
cover the amount of clay present, its character from a techno- 
_logic point of view, and such other features (drainage, stripping, 
transportation) as will affect the commercial value of the deposit. 
These field data will of course have to be supplemented) by lab- 
oratory tests on the samples obtained. 

The engineer called upon to examine and report upon a clay > 
property will do well to realize that the problem before him is 
one which properly falls largely within the domain of applied 
geology. The form and extent of the clay deposits are, it is 
true, determined by engineering means, but the proper inter- 
pretation of the data afforded by the pits, trenches, or drill holes 
will usually require a working knowledge of general geologic 
principles. These principles are not difficult to understand, nor 
are they hard to apply. 

The subject of field examination might naturally be divided 
into two parts: (1) the purely mechanical portion, relating to 
methods of drilling, boring, etc., and (2) the geologic portion, 
relating to the interpretation of the data so obtained, for this is 
the order in which any particular piece of work would be taken 
up. But in discussing the subject it is more convenient to almost 
reverse this arrangement, by describing first the general conduct 
of the work, and then taking up the methods of getting the data. 


THE GENERAL CONDUCT OF FIELD WORK. 


The Use of Geological Reports. — Before taking the field it 
is advisable to find out whether or not geological reports on the 
district have been published. The federal government and 
most states support geological surveys, and in many cases it will 
be found that these organizations have published more or less 


complete reports on either the general geology or the clay re- 
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sources of the district which is to be examined in detail by the 
engineer. Many such reports are listed on pages 240-243 of this 
volume. 

The help to be gained from these geological reports will depend 
largely on the state in which the deposit is located. 

Very detailed and generally satisfactory reports on clays have 
been issued by the states of Alabama, Connecticut, Indiana, 
Iowa, Maryland, Michigan, Missouri, New Jersey, New York, 
North Carolina, Ohio, South Carolina, and Wisconsin. Partial 
or otherwise incomplete reports have been issued for Georgia, 
Mississippi, North Dakota, Pennsylvania, South Dakota, and 
Washington. Scattered data of some value are on record for 
Arkansas, California, Florida, Kansas, Kentucky, Louisiana, 
and other states. Detailed reports on part or all of the clays 
of Arkansas, Illinois, Virginia, and Texas are known to be in 
preparation at the date of writing. 

These reports vary greatly in their detail and value. Even the 
poorest of these reports, however, will contain information that 
will save needless labor. 

Effect of Kind of Clay on Methods of Work. — The material 
to be reported on may be (1) a hard shale, even on its outcrop; 
(2) a shale which has weathered so 
as to appear soft and claylike; (3) ~4 Cla ie 
an ordinary soft plastic clay, or (4) es es be 
a residual ‘‘ kaolin’ derived from Rock 
a mass or dike of decomposed Fig. 34. 
granite or feldspar. Each of these 
types will present different problems, and may require different 
methods of field work. a 

The importance of first determining the method of origin of 
the deposit lies in the fact that it influences both the form of the 
deposit and the character of the material. If the material is 
merely a soft surface clay, then we may expect to find a flat- 
lying and basin-shaped deposit, and our only interest in the 
hard rocks of the region will arise from the fact that they may 
form the lower boundary and sides of the deposit. But if the 
material is a shale, the dip and strike of other beds of hard rock 
will probably prove of interest, for we may fairly expect the 
shale deposit to agree in these particulars with adjacent beds 
of limestone, sandstone, etc. 
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A case in point may be cited in which the owner insisted 
that the ridge in which the clay occurred was composed entirely 
of high-grade clay — a thickness of 800 feet or more being claimed. 
The statement was inherently improbable, owing to the geologic 
structure of the region, but the property was visited. A large 
number of pits had been run in on clay at various elevations on 
both flanks of the ridge, and a shallow trench had been cut 
transversely across the top of the ridge. The trench and all 
the pits showed clay, and the owner pointed to this triumph- 
antly as proving his statement. Outcrops were scarce, as both 
top and flanks of the ridge were well covered with soil and tim- 
ber, but several carefully meas- 
ured sections, made at various 
points, when combined showed | 
that the conditions were as in 
Fig. 35. In place of a solid 
bed of clay 800 feet thick there 
were in reality a number of clay 
Fig. 35.— Interbedded sandstones and beds, one 30 feet thick but 

shale-clays. most of them varying from 4 
inches to 3 feet—the total 
thickness of all the clay beds was not over 60 feet, and the remain- 
ing 770 feet was sandstone. But the case was even worse than 
this. In looking over the face cut into the 30-foot clay bed, 
a number of beds of loose sand were noticed. Careful examina- 
tion showed that the clays were really the exposed weathered 
outcrops of a series of shales, that the sands were similarly 
weathered sandstones, and that consequently when the workings 
were driven in under cover the owner might expect to find, in 
place of the 30-foot clay bed exposed at the outcrop, a series 
of shale beds interbedded with sandstones, and that these shales 
would probably contain impurities which had been removed by 
weathering from the clays which showed at the outcrop. 

Now in this case all this information could have been obtained 
directly, but only at prohibitive expense, by deep drilling across 
the ridge. Handling it purely as an engineering problem would 
have required several months’ work and the expenditure of 
several thousand dollars, while by the application of purely 
geologic methods of reasoning and field work the same results 
were secured in less than a day. 
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Examination of Shale Deposits. — Shales are mostly of marine 
origin, and were deposited in extensive water areas. Any given 
bed of shale is therefore apt to be quite regular both in thickness 
and in composition, for considerable distances. This materially 
lessens the labor of the explorer. If on visiting a property he 
finds, for example, a good outcrop which shows a 30-foot bed of 
shale underlain by a bed of limestone and overlain by strata of 
sandstone, he may be fairly sure that this shale bed will probably 
not vary greatly in thickness or in its associated rocks within 
the limits of the property. It would be fair to expect that its 
thickness will not fall below 25 or rise above 35 feet in a quarter 
mile. It would also be a reasonable expectation — and this is 
a matter of great value — that if at some near-by point he finds 
the limestone outcropping, with perhaps a soil-covered slope 
above it, trenching above the limestone would reveal the shale 
in its proper position. An outcrop of the overlying sandstone, 
on the other hand, would lead the engineer to trench on the 
slope below it in order to uncover the shale bed. 

In this connection it is well to recollect that in most of the 
shale-producing areas of the United States the rocks are lying 
in an almost horizontal attitude. If a shale bed outcrops in the 
flank of a ridge, the shale is apt to weather so as to produce quite 
steep but regular slopes, usually slippery because covered with 
loose fragments of shale. Sandstone or heavy limestone beds, 
under similar conditions, would be apt to form very marked 
terraces or stepped slopes. These conditions are well shown in 
Fig. 25, which is a drawing to scale. Here a sandstone bed forms 
the crest of the ridge, a limestone bed forming a very marked 
terrace about one-third of the way down the slope, while the 
shale beds above and below the limestone give the usual shale 
type of topography. These facts are of service in tracing a shale 
bed throughout a property. 

Examination of Soft Clay Deposits. — The principal difference 
between deposits of shales and of soft clays, so far as the present 
connection is involved is (1) that shales vary little in thickness 
and associated rocks as compared with soft clays; and (2) that 
shale beds can be followed down under overlying rocks, while 
most beds of soft clay terminate as soon as hard rock is struck 
either in the bottom or the sides of a deposit. The only promi- 
nent exceptions to this rule are the Cretaceous and Tertiary 
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clays of the coastal plain (see pages 238, 239), for though these 
are soft clays, they are quite regular in thickness and associated 
strata. 

In dealing with deposits of soft clays, therefore, greater irregu- 
larity of form may be expected than when shales are in question, 
and the work of exploration and examination must be carried 
on with accordingly greater care. 

The forms which clay deposits may take are infinite, but two 
general types may be expected to occur more frequently than 
the others. These are the bench and the lens. Clays which are 
deposited along stream or river banks usually occur in the first of 
these forms, as distinct benches or terraces (see pages 233, 234, 
and Figs. 31, 32). Clays which have been found in lakes usually 
occur in the second form. 

Dealing with Known Deposits. — If the area occupied by the 
clay deposit is small and fairly well known in advance, it will be 
sufficient to lay it off in squares 
25, 50, or 100 feet on a side; de- 
termine the elevations at the cor- 


i ere LE ners of these squares, and then drill 
one Pi Ni Yi GE GRIEG? e . 

a - or sink a test pit at each corner. 
roan ca The results of the borings or pits 
= Clay are then to be plotted so as to give 
«2% Rock two series of cross sections across 
Fig. 36.—Basin or lens, shaped the deposit at right angles to each 
clay deposit. other. This is a purely mechanical 


performance, and little except care 
is required to carry it out. It is sufficient only in dealing with 
small deposits, or when the general form, extent and character 
of the deposit is already well known. Such cases will arise when 
a brick plant acquires property adjacent to its own clay pits, 
when new openings are to be run in on a well-known “ vein ” of 
fire clay, and in other similar circumstances. 
For such work it is rarely necessary to lay off the squares with 
a transit and tape, or to determine altitudes with a Y level. In 
many cases a pocket compass and pacing will suffice to give 
direction and distance, while a Locke level can be used for eleva- 
tion. If the case requires more refinement, the “ drainage ”’ and 
‘architects’ ” levels made by different makers are sufficiently pre- 
cise for such work and will probably be the best instruments to use. 
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METHODS OF BORING. 


The earth auger is usually the best and cheapest instrument 
for determining the thickness of clay deposits and securing 
samples of the clays at various depths. It consists of an auger 
attached to one or more lengths of coupled pipe, the upper length 
of pipe being provided with a T handle. The auger is sunk by 
turning the handle, and on withdrawing it a sample of the clay 
is caught on the auger screw. The use of this implement is 
limited to the clays proper or to very soft shales. 

Two very detailed descriptions have appeared of work done 
with the earth auger, and as the two accounts taken together 
cover very fully the entire range of exploratory work that can 
be handled economically by the use of the auger, they will be 
quoted almost in full. 

The Auger in Light Work. — Mr. Charles Catlett has made 
extensive use of the earth auger in testing brown ore deposits 
occurring interbedded with clays and sands at rather shallow 
depths. His description * of outfit and results is as follows: 


1. An auger bit of steel or Swedish iron, with a steel point, 
twisted into a spiral, with an ultimate diameter of 2 inches, and 
an ultimate thickness of blade of not less than + inch. The 
point is found more effective when split. The length of the 
auger proper was gradually increased until about 13 inches was 
reached as the apparent maximum which could be used effec- 
tively. The 13-inch auger contains four turns. This was welded 
to the end of 18 inches of 1-inch wrought-iron pipe, on which 
screws were cut for connection. 

2. One foot of 12-inch octagonal steel, with a 2-inch cutting 
face, which is likewise welded onto 18 inches of pipe, cut for 
connections. 

3. Ten feet of 14-inch iron rod, threaded at either end for 
connection with 1-inch pipe. When connected with one of the 
drill bits this becomes a jumper for starting holes through hard 
material. It is also used when desired to give additional weight 
to the drill in going through rock below the surface. 

4. Sections of 1-inch pipe and connections. 

5. An iron handle, with a total length of 2 feet, arranged 
with a central eye for sliding up and down the pipe and with 
a set screw for fastening it at any point. 

6. A sand pump, consisting of 1 or 2 feet of 1-inch pipe, 
with a simple leather valve and a cord for raising and lowering it. 


* Trans. Am. Inst. Mining Engrs., vol. 27, pp. 127, 128, 
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7. Two pairs of pipe tongs or two monkey wrenches, with 
attachments for turning them into pipe tongs. 

8. Sundries: 25 feet of tape, oil can, flat file, cheap spring 
balance, water bucket, etc. 

The auger is used by two men, who, standing on opposite 
sides, turn it by means of the handle. The handle is also useful 
in giving a good purchase for starting the auger from the bottom 
of the hole, in opposition to the air pressure, which is considerable. 
Enough water is continually used to just soften the material. 
Usually the auger brings up a small portion, which is dry and 
unaffected. Every few minutes, as the auger becomes full, it 
is lifted out, scraped off, and replaced. The handle is moved up 
and tightened by means of the set screw as the auger goes down. 
At every slight change of the material the depth and the character 
of the material are recorded. 

When hard material is encountered the auger bit is screwed 
off and the drill bit screwed on, thus forming a churn drill, which 
may be used for passing through the hard material, the auger 
being replaced when softer material is reached. The churn drill 
is used by lifting it and letting it fall, turning it slightly each 
time. Its weight makes it cut quite rapidly. When the drill is 
used the muck is either worked stiff enough to admit of its being 
withdrawn with the auger, or it is extracted by means of the 
sand pump or a hickory swab. In either case the material is 
washed and a sample is obtained of the stratum through which 
the drill is cutting. 

Of course the best work with such tools is done on soft 
material, but it is entirely practicable to go through hard ma- 
terial (a few feet of quartzite or flint, and many feet of ore being 
often encountered in a single hole), and the ability of this simple 
contrivance to go through interbedded layers of hard and soft 
substances makes it very efficient. 

The cost per foot increases considerably with depths exceed- 
ing 50 feet, but at the greatest depth I attained (some 80 feet) 
I did not reach either its capacity or the limit of its economical 
use as compared with other methods. 

Up to 25 feet two men can operate it; from 25 feet to 35 feet 
three men are necessary; from that to 50 feet a rough frame, 
15 feet to 20 feet high (costing something over $1.00), for the 
third man to stand on, is required. The frame can be moved 
from point to point. Above 50 feet it is generally necessary to 
rae en one or two of the top joints each time the auger or drill 
is lifted. 
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A. 
Feet. 
Sand and gravel............., 2 
Vellowaclavererne ane rerites 2 
Clay: with some ore........... 4 
So lidtore sir ais taree tee ele sists 5 
White clay and ore........... 3 


Total thickness......... 16 
Sunk by two men in ten hours. 


B. 

IGOOSCRUIT Genre crer tre Nk teeters 3 
Bluerclaveecmcrcs ciecteee ates ef 
Shalevoreae. sence: ance seers 
Wists inOles ts ters Fe eon es, 9 
Shalevoretns snc ean estas 3 
WV AS ROLES ene Rietae SAPrsls de cit 15 

Total thickness......... 40 


Sunk by two men in eleven hours 
plus three men for four hours. 


C. 
Ell Ow: layeraeet coeniysca sche er 0 12 
Bleoketliint geet eepmircts trace t 
ielOwac la Vinencrecsiie tet. eee 2% 
\Wilhitersands aeepenh day eo occ 1 
Solidksandstonemaywrrrtence nr. 2 
Total thickness......... 18 
Sunk by two men in five hours. 
D. 
Sandsandtoraveles sae eee eee 1 
(Glia iowa a eremomee tl een cera eine 28 
Total thickness......... 29 
Sunk by two men in five hours. 
E. 
Bye lows Clava en sete ssactlenuchaeet 14 
DOMCEOrE Ma nase eho desis o sei 3 
(Olnigs da Yee etree mor meee 1 
OTC rete adr areas heist bss 53 
Clay ee ee sinc ae soe Sees 24 
MotalethickNesssnqe- reer: 26 


Sunk by two men in six hours. 
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F, 
Feet. 
ora a\6 ld (anak oe punta ses tin See AGO ats 1 
Shalevorewe nase ere 4 
Clay, andisand=aaacsceerenee 9 
Sandstoness.e cesses eteee 5 
Total thickness......... 19 
Sunk by two men in 83 hours. 
G. 
Red clay and sandstone....... 19 
Clavier nests en oa, 31 
Clayazandéhlintmmme ernest 2 
Roba ee ae ye eee partes 52 


Two men fifteen hours plus three 
men four hours. 


Jal, 

Sand and boulders...!........ 12 
Clay andsoremanneene centr 19 
Claycandctiint ements ert eee 3 
Clayzandea littl exoreaene ene 19 
Clay and much ore............ 2 
Clay and a little ore.......<.. 5 
Clay ASS 35 1 ee eee 3 

63 


Two men for five hours plus three 
men for twenty-five hours. 


Ft. Hrs. Ft. per 
our. 

AUN eer ete eee 16 20 0.80 
Beye center eee 40 34 1.18 
(CRY oe ete 18 10 1.80 
IDE ae cocoate 29 10 2.90 
I Na Hae Adowers 26 12 Peailvl 
1 tere ect aeewh cele Ca ai 19 17 1.12 
eget ee ee 52 42 1.24 
1S Bere A Reiahes hen ty th cuans 63 85 0.74 
263 230 14 
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The Auger in Heavy Work. — The most extensive use to which 
the auger has been put in testing clay deposits was probably in 
the course of the examination of the Hudson River clay deposits 
carried out some years ago by Mr. C. C. Jones. In this work 
most of the holes were deep — 40 feet or more — while some 
reached over 100 feet. This necessitated certain modifications 
both in outfit and in the conduct of the work, as is shown in 
the following description quoted from Mr. Jones’ paper* on the 
subject. 

In this work each drilling gang was supplied with one 20-foot 
hoisting gin, one 6-inch block and fall, 100 feet of {-inch rope, 
1 differential chain block, two 1 or 2-inch augers, two handles, 
three pipe wrenches, 12 feet of 14-inch iron rod, 102 feet of 
41-inch and inch pipe, in 6 and 12-feet sections, from 20 to 50 feet 
of 11 or 3-inch pipe for casing, 1 rock drill, chains, etc. The 
portable hoisting gin was arranged to fold together so as to be 
used as a platform on which to carry all the pipe, supplies, etc., 
which were lashed to it by rope. The gin, thus loaded, could be 
carried by four men. Each drill gang consisted of three men, 
and the foreman of a group of gangs aided when shifting position. 

The holes varied in depth from a few feet to over 100 feet. 
In all, about 150 holes were sunk, each gang averaging one hole 
per day for the entire time. 


The gin is made of three pieces of good timber — spruce pref- 
erably — 4 inches by 4 inches by 20 feet in size. The top of 
each piece is chamfered and a bolt is inserted to prevent split- 
ting. The middle piece is, of course, chamfered on two sides, 
and the others on the inside only. This is to allow for the 
spread of the legs of the tripod, or gin, when it is set up. On 
the chamfered face, below the bolts, a hole is bored in each 
piece for a {-inch round iron bar to pass freely. The tops of 
the three timbers, or legs of the gin, are placed together; the 
bar is inserted through the hole in the first leg, through one 
eye of the bail, through the hole in the middle leg, through the 
other eye_of the bail, and then through the hole in the third 
leg. One end of the iron bar is provided with a squared head, 
and the other with a slot, into which a pin or dowel is driven, 
after inserting the bar through the third leg. The bail, of 3- 
inch round iron, thus hangs on the bar in the spaces between the 
legs of the gin. The ‘“‘drop” of the bail should allow it to pass 
freely over the top of the middle leg, i.e., the length of the bail 


* Trans. Amer. Inst. Mining Engrs., vol. 29, pp. 40-83. 
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should exceed the distance from the bar to the top of the timber. 
Sufficient play should be given in all these parts to have them 
fit loosely, and washers should be used to protect the wood. 

Cleats are nailed to the middle leg of the gin to form a lad- 
der to the top when erected. To erect the gin the middle leg 
is turned about the bolt as a hinge, until it again lies on the 
ground. Three men grasp each a leg of the gin, and by push- 
ing towards the bail raise it in a minute. This single maneuver 
suffices to erect the gin over an exact point. To dismount it 
the middle leg is simply carried out until the gin is lowered to 
the ground; this leg is swung back over the bolt again and thus 
forms the platform upon which everything is carried forward by 
a single trip, as above described, to the next point of operation. 
As soon as the gin has been erected, one man ascends the ladder 
and hooks the wooden block over the bail, and the fall is plumbed 
over the exact point for the bore hole. This is an important 
particular, to insure always a vertical stress in withdrawing the 
auger. The rope and fall are now caught up on one of the 
cleats to the side. The auger is made from an ordinary wood 
auger with 2-inch cutting face, which is welded to a short piece 
— about 18 inches — of black pipe, on one end of which a thread 
is cut. This makes the bit about 3 feet along. The handle is 
apout 2 feet long over all, and is made of two pieces of 32-inch 
round iron, welded to a strong cylindrical ring, which will pass 
freely over couplings for 1-inch black pipe. The ring is provided 
with a strong 3 by 23-inch set screw, for securing the handle 
to the pipe. The differential chain block is Yale and Towne’s 
z-ton capacity, single-chain. Stillson pipe wrenches are used, 
two 18-inch and one 14-inch, and a small monkey wrench is 
required for the set screw. The section of 14-inch iron rod has. 
threads cut at each end for 1l-inch pipe couplings. The five 12- 
foot sections and seven 6-foot sections of 1-inch pipe have threads 
cut at each end for couplings. Each section is provided with a 
coupling at one end, and it is good practice to have a string of 
extra couplings on hand. 

The 1{-inch or 3-inch pipe for casing is in 4-feet or 5-feet 
sections, with threads cut at each end for couplings. This casing 
is driven down when troublesome sand or gravel is encountered 
near the surface. As a rule it is little employed; but in some 
localities it is an absolute necessity. The drill is 18 inches long 
with a 2-inch cutting face, and a thread cut at the other end for 
l-inch couplings. It is made from 11-inch octagon steel. The 
chains, of 3-inch iron, with short links, are 3 feet long, and have 
heavy rings at one end and hooks at the other. An oil can and 
a small file, both for couplings, about complete the outfit for each 
boring gang. 

In addition to this, a single outfit complete, exactly like the 
foregoing, but made of 3-inch pipe, the auger and drill having 
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l-inch cutting face, will be found indispensable. This can be 
taken from gang to gang as required. It sometimes happens 
that a bore hole made by the larger apparatus becomes unex- 
pectedly obstructed (say, at 50 to 70 feet) by a pebble, a coup- 
ling accidentally dropped in, or some other unfortunate cause, 
and all efforts at progress fail. This smaller apparatus can then 
oiten be successfully employed to pass the obstacle and com- 
plete the test. 

In commencing operations, an auger is attached to a 12-foot 
section, the handle is adjusted, and boring is begun at a des- 
ignated point, great care being taken to start vertically, and to 
preserve the original orifice. Neither more nor less than five 
turns of the auger are required. This fills the bit, which is then 
drawn to the surface. One man is always required to attend to 
the bit, as it enters or emerges from the hole — an insignificant 
but important duty. As the hole deepens additional sections 
are attached, until the assistance of the gin is required. At this 
period, after the auger has received the prescribed number of 
turns, the set screw in the handle is loosened and the handle is 
allowed to drop to the ground. <A 3-foot chain is passed around 
the pipe, the hook being passed through the ring to form a run- 
ning noose; the hook is attached to the fall, and stress is applied. 
After lifting the pipe to a convenient height it is gripped at the 
ground, either with a wrench or by simply tilting one end of the 
handle so that the ring binds against the pipe. The stress is 
released on the chain as soon as the pipe is held by the grip and 
the chain slipped down for a fresh hold, continuing in this manner 
until the auger has been completely extracted. When the depth 
reaches 30 feet, the column of pipe must be disconnected at that 
point. To expedite this procedure, a 3-foot chain is looped, 
hook and ring, and loosely dropped around the top of the gin. 
As the pipe is withdrawn from the hole it is so directed at the 
top as to enter this loop. After withdrawing the six sections as 
above described, the handle is attached again below the lowest 
coupling (where it already lies in place), the 30-foot length is 
unscrewed, and being held upright by the loop at the top of the 
gin is merely set at one side. The chain on the fall is again 
attached to the pipe above the handle, a stress applied to the 
rope, the handle loosened as before, and this process is continued 
for each 30-foot length until the auger has been withdrawn from 
any depth; the invariable rule being to have always either the 
handle or the chain under stress below a coupling attached to 
the pipe, while the auger remains in the hole. This operation 
is reversed to lower the pipe again into the hole, i.e., the sections 
are replaced in the order of their removal. It follows that the 
depth of the hole at any time can be ascertained from the number 
of sections in use. At depths exceeding 75 feet (frequently less), 
the chain block must be used to start the auger, hooking it on 
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to the wooden fall when required. In this manner, with a little 
training and a proper division of the duties of each man in the 
gang, the boring becomes practically continuous, and proceeds 
very rapidly. One hundred feet of pipe can be started, pulled 
up, disconnected, the auger bit cleaned, and the whole apparatus 
let down into the hole again in a few minutes. 

When sand is encountered, enough water to make it adhesive 
must be poured into the hole, and the auger will then carry it 
to the surface. Thin strata of sand cause difficulty, and, simi- 
larly, fine gravel is frequently impenetrable. For holes of this 
size the various sand-pump devices are failures, and the auger 
alone will do the work better. The drill, with or without the 
iron-rod section, offers the readiest solution to the gravel ques- 
tion. Gravel must be broken up or pushed to one side. The 
knack of manipulating the drill to meet these circumstances can 
only be imparted by experience. The best plan is to instruct 
practically the foreman alone, who must then deal personally 
with the difficulty when it arises. 

Quicksand is another great obstacle to deep boring. If the 
quantity of water is small, and the stratum thin, it is occasionally 
possible to penetrate it by very rapid work, and bore to the 
depth required for a given purpose; but a thick seam is impene- 
trable by the auger, on account of the closing up of the hole 
through the vacuum created by withdrawing the auger, or by 
the pressure of superincumbent masses. Casing will not over- 
come this difficulty. Ordinarily, and especially in test boring 
in clays, it is unnecessary to penetrate quicksands. 

A long chapter could not fully treat the subject of accidents. 
A general rule other than an exhortation to patience is out of 
the question, because of the variety of these seemingly trifling 
mishaps. Grappling devices to remove accidental obstacles in 
a bore hole are all excellent in theory, but the simplest devices 
often succeed where the more elaborate fail. A section of pipe 
becoming disconnected in the bore hole can be caught up by 
using the disjomted member provided with a clean, freshly-oiled 
coupling; a coupling can often be removed from a hole by using 
a taper-pointed stick driven into the end of the pipe; an auger 
broken at the shank may be grasped by a noose of short-link 
chain lowered by two strings, which is then grappled by a hook 
on the end of the 34-inch rod or pipe, or entangled around the 
small drill. Most of the mishaps happen through neglect of the 
simple rules given. It is important always to avoid gorging 
the auger at great depths. It is apt to be frequently clogged at 
the bottom of a long column of pipe, and it is not advisable to 
then reverse the auger to release it. 
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References on Methods of Field Examination. — 


Bleininger, A. V. The manufacture of hydraulic cements. Bull. 4, 
Ohio Geol. Survey, 1904. See pp. 102-108. 

Catlett,C. The hand-auger and hand-drill in prospecting work. Trans. 
Amer. Inst. Mining Engrs., Vol. 27, pp. 123-129. 1898. 

Darton, N. H. On a jointed earth-auger for geological exploration in 
soft deposits. American Geologist, Vol. 7, p.117. 1891. 

Jones, C. C. A geologic and economic survey of the clay deposits of the 
lower Hudson River Valley. Trans. Amer. Inst. Mining Engrs., 
Vol. 29, pp. 40-83. 1900. 


Determination of Composition and Tonnage. 


Errors in Sampling. — In sampling clays from a natural out- 
crop, or even from an artificial cut which has stood for any 
length of time, it must be borne in mind that there are two dis- 
tinct opportunities for serious error. 

The first is due to purely physical causes, and arises from the 
very yielding nature of clays when exposed for a time to atmos- . 
pheric action. Parts of the face of the outcrop or cut'‘are likely 
to have slipped down considerably, so that the exposure does 
not represent the true character of the clay. 

The second chance for error arises from the fact that, when 
clays or shales are exposed to the action of rain or surface waters 
for any length of time, the surface clay will be robbed of its more 
soluble or changeable constituents. The outcrop is, therefore, 
likely to show lower percentages of lime, magnesia, alkalies and 
sulphur than the same clay body carries in depth. A sample 
taken from the outcrop might, on analysis, show a refractory 
clay practically free from these fluxing constituents, while ten 
or fifteen feet below the outcrop the fresh clay might contain so 
much lime, alkalies, etc., as to be of very inferior grade. The 
analyses quoted below illustrate very clearly the differences which 
may be expected to occur between fresh unweathered clay and 
the clay as it outcrops. Both the analyses quoted are of clays 
from Croton Point, New York. 

It will be seen that the blue unweathered clay (A) contains 
more than twice as much lime as the yellow weathered clay (B). 
Weathering has also slightly reduced the magnesia, and has 
affected the alkalies very markedly. The insoluble constituents 
— silica, alumina and iron — are in consequence of this leaching 
relatively increased in the weathered clay. 
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A. B 

Silica (SiOs) serait ene trees Sie ete ec eee linet toys 51.61 56.75 
Alleminad (AsO veeiserrcon terete ren vereuerseerseas 19.20 20.15 
Lron oxide: (HesO3)taeconimei ccc tistie ie oe eee ers 8.19 8.82 
Lime (CaO) SPR OP Mi Be WR EA LT PROD Cnt ge sn aeeeG 7.60 3.14 
IMagnesiaa Vic ©) creer arte tere erent vayrenct see tere e255 1.20 
IN Mee ae (OO), INE ONE so oc bo sbudoneenocagonac 5.32 4.50 
Carbon dioxide (CO) ia ee ae, 
Watermecce cee anes ; : 


Estimation of Tonnage. — On the pages immediately follow- 
ing several long series of tests of the specific gravity and weights 
of a large number of clays and shales are quoted and discussed. 
From the data there given the following rules can be considered 
safe: 

(1) Ordinary soft clays will average 120 pounds per cubic 
foot, or 3240 pounds per cubic yard, in the bank. 

(2) Shales will average 150 pounds per cubic foot, or 4050 
pounds per cubic yard. 

For rough calculations as to tonnage, it may, therefore, be 
assumed that clays will weigh 13 tons, and shales 2 tons, per cubic 
yard. 

Prof. G. H. Cook, in 1874, determined* the specific gravity of 
a large series of clays from New Jersey. In making this deter- 
mination “a prism about an inch in length was cut out of the 
solid mass. This was covered by a film of paraffin and weighed, 
first in air, then in water.’”’ The values thus obtained are, there- 
fore, close approximations to the density of the clay as it occurs 
in nature, and when multiplied by 62.4 will give the weight per 
cubic foot of the product in the bank. The values varied from 
1.539 to 2.170, the average of the 86 samples of unwashed clays 
being 1.824. Converted into pounds per cubic foot, these values 
are as follows: 


Specific grav- Pounds per 

ity. cubic foot. 
IVa nn Us cece i atone. Bey Pees ne 270 135.41 
PEMA O Scot hsrss dirk 5.0) y'n ah oa meee 1.824 113.82 
BV Poiana Ne Beton tees pa et 1.539 96.03 


* Report on the Clay Deposits of New Jersey, 1878, pp. 283-286. 
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Part of this great variation in density was due to the variations 
in furnaces, etc., but much of it was directly traceable to the 
varying percentages of sand contained in the clays. The table 
following illustrates this point. 


TABLE 113. — RELATION BETWEEN SPECIFIC GRAVITY AND 
SAND PERCENTAGES. (Coox.) 


Specific gravity. Per cent of sand. Specific gravity. Per cent of sand. 
2.321 58.40 1.607-1.612 8.60 
2.283 57.10 1.743-1 .789 6.5) 
2.052-2.101 56.80 1.657-1.705 3.10 
2 .047-2.077 48.40 1.764-1 .769 1.10 
1.981-2 .023 40.50 1.766-1.893 0.80 
1.971-2.1388 39.95 1.528-1 .542 0.71 
2).012—2 .022 37.85 1.738 0.70 
2.129-2.151 37.10 1.731-1.809 0.50 
1.994-2.047 28.81 1.578-1.610 0.50 
1.705-1 .732 27.80 1.723-1.742 0.20 
1.861-1.864 20.60 


In 1896 Wheeler reported the specific gravities of a series of 
153 Missouri clays, of several widely different types. His re- 
sults, grouped by classes, are given in the following table. 


TABLE 114. SPECIFIC GRAVITY OF MISSOURI CLAYS. (WHEELER.) 


Specific gravity. 
Type of clay. 
Minimum. | Average. | Maximum. 
KeTOMNS Pesid Wal) emeeer sce oe ee eee 1.69 1.90 2.02 
HOGRSECL AVS en pice cat deh Seine Meh ite e 1.69 2.05 2.17 
Gumborclaysr sasaki ee tee eee tees 1.98 2.01 2.05 
PEE Ar VACLAV Svc acide ces tide maser. te Weal 1.93 2.03 2.13 
inevelaya (Ghalesi)tasec. coe stm wine a. 2.23 2.40 2.54 
iNonreinactory shaless, -.a1.0-) seo. wea oe 2.15 2.38 2.56 


In recent clay investigations* carried on by the New Jersey 
Geological Survey a series of 31 clay samples were tested for 
specific gravity. In this case the clays were powdered, and the 
specific gravity was then determined by the use of the pycnom- 
eter. Since this method disregards the air spaces in the clay, 
and really gives the specific gravity of the mineral particles, the 
results, as might have been expected, gave much larger values than 


*Vol. VI, Reports New Jersey Geol. Survey, p. 115, 1904. 
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those reported by Cook. The minimum specific gravity found 
was 2.39; the highest, 2.84; while the average for the 31 samples 
was 2.584. 

A similar series of 32 Iowa clays gave* a minimum value of 
2.25; a maximum, 2.64; and average, 2.46. 

For the purposes of the engineer or manufacturer, these Iowa 
and the later New Jersey attempts to determine the “ true 
specific gravity ” of clays may. be disregarded entirely; for the 
values found by this method are not of the slightest economic 
importance. Neither engineer nor manufacturer has any interest 
in knowing the “true specific gravity ” of a clay in a state of 
theoretically maximum density, free from all air spaces; for 
such clays do not occur in nature. What we do want to know 
is the weight per cubic foot of clay as it occurs in the clay bank, 
and fortunately the older work of Cook and Wheeler gives the 
desired information. 

The two sets of results (Cook and Wheeler), when combined 
and divided merely into the two natural groups of (1) ordinary 
clays and (2) hard shales, give the following results: 


TABLE 115.—SPECIFIC GRAVITY AND WEIGHT OF CLAYS. 


Specific gravity. Weight ue pounds per 
Kind. 
Mini- | Aver- | Maxi- | Mini- | Aver- | Maxi- 
mum. age. mum. | mum. age. mum. 
CUES 3 Sere eee eRe ere eee ino 1.539} 1.90 | 2.17 | 96 118.6) 1385.4 
IS Ha OMe cn ene a ee eee 2.15 | 2.39 | 2.56 1134.2 | 149.1) 161-7 


These figures may, therefore, be used in calculations. For 
convenience it may be considered, without sensible error, that a 
cubic foot of clay, in the bank, will average 120 pounds, while 
a cubic foot of shale will average 150 pounds. 


* Vol. XIV, Reports Iowa Geol. Survey, p. 116. 
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Ash slates, 99-100. 
Ash, voleanic, 20-21, 128. 
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Augite, 27, 34. 


Basalt, 30, 70. 

Basic rocks, 9, 23, 70-80, 81-90, 224. 
Batholith, 19. 

Bedding, 93. 
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Biotite, 26, 34. 

Bluestone, 144, 146. 

Bond issues, 190-193. 

Bosses, igneous, 19. 

Brard test, 205-207. 

Breccia, 137. 


Caleareous tufa, 157. 
Calcite, 154. 
Cementing materials of sandstones, 
137. 
Chalk, 157. 
Chemical composition (see analyses). 
Chemical relation of rock, 7. 
Chert, 153, 157. ; 
Chlorite, 28. 
Cleavage of slates, 110-111. 
Coastal Plain clays, 238-240. 
Color of granites, 35. 
limestones, 156. 
marbles, 177. 
slates, 108-110. 
stone, 186. 
trap, 79. 
Composition, chemical (see analyses). 
Compressive strength, 214-215. 
granites, 55-60. 
limestones, 158-159. 
marbles, 172-173. 
sandstones, 1389-142. 
serpentines, 85-86. 
traps, 77. 
Cone, volcanic, 20. 
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Conglomerate, 137. 
Costs, stone industry, 190-191. 


Density (see specific gravity). 
Diabase, 70. 

Diamond-drill work, 183-184. 
Dike, 20. 

Diorite, 29, 70, 224. 

Dip, 11. 

Dolomite, 152. 

Dressing of slate, 115-119. 


Earth history, 1. 

Earth auger, 249-257. 

Elzolite, 34. 

Elevation of land, 2. 

Engineering geology, 1. 
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260. 

Examination of stone properties, 182— 
194. 

Expansion of stone, 202. 


Faults, 13. 

Feldspar, 25, 34. 

Feldspar, decay of, 221-223. 
Felsite, 30. 

Financing stone industry, 189-194. 
Fire resistance, 210-217. 
Flagstones, 143. 

Flint, 153. 

Folds in rock, 12. 

Frost tests, 203-207. 


Gabbro, 29, 70. 

Geologic ages, 3, 4. 
Geologic chronology, 3. 
Glacial clays, 234. 

Glacial limit, 238. 

Glacial period, 2. 

Glass, volcanic, 21, 30. 
Gneiss, 22, 30, 37. 

Grain (in granite), 15, 39. 
Grains, size of, 37, 137, 185. 
Granite, 29-69. 

Gravel, 10, 127. 

Gravity (see specific gravity). 
Graywacke, 143. 
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Hardness of stone, 216. 
Heat resistance, 210-214. 
Hornblende, 27, 82. 
Hornblendite, 29, 70. 


Ice-borne clays, 234. 
Igneous action, 17. 
Igneous rocks, 5, 17-90. 
Igneous slates, 99-101. 
Impact tests, 112. 
Intrusives, 17. 
“Tsinglass,”’ 26. 


Joints, 14, 186. 
Kaolinite, 222. 


Laboratory tests of stone, 195-217. 
Labradorite, 25. 

Laccolith, 19. 

Lake clays, 234. 

Laminated igneous rocks, 22, 37. 
Lava, 20, 31. 

Limestones, 150-165, 227-230. 
Loess clays, 234, 236. 


Magnesia and limestones, 152. 

Marbles, 157, 166-181. 

Marine clays, 231-232. 

Marl, 157. 

Mass of igneous rocks, 22. 

Metamorphic rocks, 6, 11, 98, 95-96, 
LES: 

Mica, 26, 34. 

Microcline, 25. 

Mille (of slate), 120. 

Minerals in granite, 34, 36. 

Minerals in trap, 71. 

Minerals, rock-forming, 25. 

Monocline, 12. 

Muscovite, 26, 34. 


Neck, volcanic, 20. 
Nepheline, 34. 
Norite. 


Oligeclase, 25. 
Olivine, 28, 82. 


Onyx marbles, 166, 180-181. 
Odlitic limestones, 157. 
Ophicalcite, 82, 84. 
Ophimagnesite, 82, 84. 
Origin of clays, 218-237. 
Origin of rock, 8-11. 


» Orthoclase, 25. 
Output (see production statistics). 


Paving blocks, 65, 78, 79. 
Pegmatites, 37. 
Peridot, 28. 
Peridotite, 30, 70. 
Pholerite, 222. 
Plagioclase, 25. 
Porosity, 198-202. 
Porphyry, 30. 
Pozzuolana, 31. 
Production, statistics of: 
granite, 61-67. 
limestone, 162-165. 
marble, 174-175, 179-180. 
sandstone, 144-147. 
slate, 122-125. 
soapstone and tale, 88-90. 


Profits of stone industry, 190-191. 


Pumice, 21, 31. 
Puzzolan materials, 31. 
Pyrite in limestone, 153. 
Pyrite in serpentine, 85. 
Pyroxene, 27, 82. 
Pyroxenite, 29, 70, 224. 


Quarry examination, 182-184. 
Quarry finances, 190-191. 
Quartz, 25-34. 

Quartzite, 142. 


Reference lists: 


building stone, testing, 216-217. 


clays, distribution, 240-243. 
clays, examination, 257. 
clays, origin, 236-237. 
granites, 68-69. 

limestone, 160-162. 

marbles, crystalline, 175-177. 
marbles, subcrystalline, 180. 
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Reference lists (continued): 
marbles, onyx, 181. 
sandstones, 148-149. 
serpentine, 87. 
slate, distribution, 125-126. 
slate, origin, 102. 
slate, testing, 113. 
soapstone and tale, 90, 
trap, 80. 

Residual clays, 219, 221-230. 

Rift (in granite), 15, 39. 


Sand, 10, 127. 
Sandstone, 127-149, 227. 
Sedimentary rocks, 6, 91. 
Serpentine, 31, 81-87. 
Shale clays, 224-227, 232-233. 
Sheets (igneous), 19, 20. 
Sheet structure (in granites), 39. 
Shells, composition of, 151. 
Sills (igneous), 20. 
Sizes of slate, 120-121. 
Slate, 95-126. 
Soapstone, 87-90. 
Sodium-sulphate test, 205-207. 
Specific gravity, 198-202. 
acid rocks, 55-60. 
basic rocks, 75, 85, 86. 
clays, 258-260. 
granites, 55-60. 
limestone, 157, 159. 
marbles, 172-173. 
sandstones, 139-142. 
serpentine, 85, 86. 
shale, 258-260. 
slate, 112. 
trap, 77. 
Square (of slate), 119. 
Statistics (see production statistics). 
Stocks (igneous), 19. 
Stock issues, 194-195. 
Stream clays, 233-234. 
Strength (see compressive strength). 
Strength (see transverse strength). 
Strike of rocks, 11. 
Sulphate of soda test, 205-207. 
Syenite, 29, 34. 
Syncline, 12. 
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Tale, 81, 87-90. 
Terraces, river, 233-234. 


Testing methods, stone, 195-217. 


Thickness of slates, 121. 
Transported clays, 231-237. 
Transverse strength, 216. 
granites, 60. 
slates, 112. 
Trap, 30, 31, 70-80. 
Travertine, 157. 
Tufa, calcareous, 157. 
Tuff, 128. 


Verde antique, 81-87. 
Volcanic ash, 20, 21, 128. 


INDEX 


Volcanic products, 19, 21. 
Volcanoes, 19. s 


Wear, resistance to, 216. 


Weathering, 188, 221-230, 257-258. 


Weight per cubic foot, 198-202. 
clays, 258-260. 
granites, 55, 60. 
limestones, 157, 159. 
marbles, 172, 173. 
sandstones, 139-142. 
serpentines, 85, 86. 
shales, 258-260 
trap, 77. 

Wind-borne clays, 234, 236. 
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